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INTRODUCTION 
As the level of milk production in dairy cattle 
increases, correlated responses with health problems need to 
be considered. Health problems result in increased 
veterinary costs and losses due to lower production and 
discarded milk. Improved management and veterinary care 
have been the primary methods of combating disease problems. 
In recent years, however, attention has been given to 
genetic selection for decreased health problems. In Norway, 
transmitting abilities are currently estimated for sires for 
two traits: mastitis and other health problems. 
For genetic selection to be effective, estimates of 
genetic parameters are needed to determine the amount of 
genetic variation available and correlations with other 
variables of economic importance. The objective of this 
study was to estimate these genetic parameters for 22 
individual and 7 combined health traits. Data were supplied 
by commercial dairymen throughout the upper Midwest. 
Additional records were copied by 21st Century Genetics 
Cooperative personnel from local herds. 
A preliminary analysis was first conducted to determine 
what factors affect health problems. F-ratios were used to 
test the significance of herd year, month, lactation, and 
sire effects. Regression coefficients were estimated for 
lactation effects for each trait by data set. 
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Repeatability estimates were next estimated by data set 
for each trait. Cow and error variance components were 
estimated using Method III of Hendersen. Heritability 
estimates were obtained using a multiple-trait restricted 
maximum likelihood (REML} estimation procedure. Data were 
preadjusted for lactation effects using regression 
coefficients from the preliminary analysis. Estimates were 
from models with and without milk and fat variables, and 
with single and multiple records per progeny. 
Genetic and phenotypic correlations among health traits 
and between health and production traits were estimated from 
the same multiple-trait REML algorithm. Relationships among 
health traits and production variables and the feasibility 
of health trait selection are discussed. 
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LITERATURE REVIEW 
Research dealing with health traits have concentrated on 
fertility traits and mastitis measures. This review is 
primarily of literature published since 1965. The first 
section deals with significant fixed and environmental 
factors which affect health problems in dairy cattle. The 
second and third sections are concerned with genetic 
parameters associated with health problems including 
heritability and correlation estimates. 
Environmental Factors Affecting Cow Health 
Schmidt and Van Vleck (1964) found significant (p < .01) 
positive phenotypic correlations ranging up to .392 between 
age of calving and number of quarters infected with 
mastitis. 
Daniel et al. (1966) looked at coded CMT scores from 40 
Canadian herds and found highly significant herd and a 
positively correlated age effect. 
Emery et al. (1968) studied the effects of postpartum 
grain feeding in 98 heifers and 50 cows and found a nearly 
two-fold increase over controls in the number of cases of 
mastitis in heifers. An increase in the incidence of milk 
fever was also noted, suggesting that management plays an 
important role in the incidence of health disorders and 
large herd differences might be expected. 
4 
Wilton et al. (1972) conducted a study of cows in 638 
herds over six years to find environmental factors 
associated with udder infections. They found a considerable 
increase from first to second and later lactation groups for 
all measures of udder infection. Age within ·lactation was 
not significant. Stage of lactation had little effect on 
udder infection in any lactation. Year-season was 
significant for many measures, however, it accounted for a 
small proportion of the overall variation. 
Gonyon et al. ( 1982) found a significant i-ncrease in 
monthly CMT score with parity in a study involving 26,690 
Holstein lactations in the Pacific Northwest. 
Miller et al. (1976), in an experimental station herd of 
Jerseys, found that cows in their seventh or greater 
lactation had 2.8 more incidences of mastitis, on average, 
than those in their first lactation. Mastitis frequencies 
were the same, however, for second lactation cows as those 
in their first lactation. While month of calving was 
statistically significant (p < .05), no seasonal pattern was 
evident. In general, mastitis frequencies were higher for 
cows calving from February to July than August to January. 
Thompson et al. (1983), using 22,691 lactation records 
from California herds, found significant parity effects for 
incidences of calving difficulty, retained placenta, milk 
fever, and clinical mastitis. Least squares constants 
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showed an increase in the incidences of all traits, except 
calving difficulty, with parity. Calf size and parity x 
calf size interactions were also significant {p < .05) for 
calving difficulty and retained placenta. 
Alrawi et al. (1978) using monthly CMT scores coded as 
either normal or elevated from 15,965 Holstein cows in 
California found a significant increase in the frequency of 
elevated tests with increasing parity. Year of calving and 
sire were also significant, while month of calving was 
neither significant nor showed any trend. 
Grootenhuis et al. (1979), using experimental farm data, 
found significant breed differences for mastitis 
susceptibility. Danish Red and White cows had higher 
somatic cell counts than their Dutch or Holstein Friesian 
contemporaries. 
Spears et al. (1979), in a study of factors affecting 
nonreturn rates in Kentucky Holsteins, found 1.4% of the 
variation was due to year differences, 7.5% due to herds, 
and 4.9% due to herd x year interactions. Sampling error 
made up over 80% of the variation. 
In a similar study of Wisconsin herds, Olds et al. 
(1966) looked at nonreturn rates from 20 or more cows in 23 
herds from each of 22 AI locals and found 19.8% of the 
variation was accounted for by differences in years, 
locations, and herds, while 80.2% was random error. 
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Everett et al. (1966) studied breeding efficiency data 
from over 20,000 Holstein and Guernsey lactations and found 
a significant within-herd-year effect, but no significant 
seasonal trend was detected. 
Hansen et al. (1983), using over 95,000 breeding 
receipts from Eastern Artificial Breeding Coop., Inc. 
studied environmental and genetic factors affecting 10 
measures of reproductive efficiency. Herd-year-seasons 
accounted for from 0 to 12% of total variation, sires 0 to 
1%, and sire by herd year season interactions < 1% of the 
total variation in any of the traits. Eighty-eight to 100% 
of the variation was unaccounted for. Corresponding 
percentages for yield variables were 31-48% for 
herd-year-seasons, 5-8% for sires, 0% for sire by herd year 
season interactions and 47-67% error. Age effects within 
lactations were not significant for most traits. 
Stevenson et al. (1983) studied effects of various 
managemental factors on reproduction of 307 Holstein cows in 
a single herd. He found many significant factors and 
concluded that management played a significant role in the 
reproductive efficiency of a herd. 
Seykora and McDaniel (1983), using days open data from 
5,802 cows over 20 years in North Carolina research herds, 
found significant (p < .01) herd year, month, and sire 
differences. Cows calving from February to July averaged 
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17.4 more days open than those calving from August to 
January. 
Hillers et al. (1984) looked at nonreturn rates for four 
large commercial herds in western Washington. They found 
older cows had lower reproductive performance, however, 
second lactation cows had equal performance as cows in their 
first lactation. No significant differences were found 
among months or seasons. 
Coleman et al. (1985) considered relationships between 
herd management and reproductive and production variables in 
83 herds in the eastern u. S. They found reproductive 
performance was affected by season of calving, production, 
age, and reproductive disorders. Veterinarian differences 
alone had a tremendous impact on actual or perceived 
reproductive performance. With cystic ovaries, veterinarian 
differences accounted for nearly three quarters of the 
variation among herds. Cystic ovaries increased with both 
production and age but showed no seasonal pattern. 
Reproductive efficiency, in general, decreased with age. 
Markusfeld (1987), in a study involving 8,521 calvings 
of Holstein cows, found an increased risk of milk fever, 
prolapsed uterus, displaced abomasum, and ketosis with 
increased parity. Metritis incidence, on the other hand, 
was higher in heifers than cows. 
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In a Norwegian study, Solbu (1982) concluded that cystic 
ovaries and retained placenta increase with parity. Neither 
trait displayed any seasonal patterns. 
In conclusion, herd effects appear to be both 
significant and large for all health problems. Management 
and disease recording differences account for much of this 
effect. With the exception of dystocia, health problems 
increased significantly with age or parity. Year and month 
differences were significant in many studies, however, 
seasonal patterns as a rule were not detected. Stage-of-
lactation was not significant in the few studies where it 
was considered. The significance of breed differences is 
not well documented, however differences were reported in a 
few studies. The majority of the variation in health 
problems (80% or greater in most studies) has not been 
accounted for. 
Heritability of Health Traits 
Heritabilities have been estimated for several mastitis 
measures. Schmidt and Van Vleck (1964) considered number of 
quarters infected and number of quarters with abnormal milk 
for 2,865 Holstein cows. Type of bacteria associated with 
each infection was also considered. The heritability for 
number of quarters infected with streptococcus agilactia was 
.196. Heritabilities for number of quarters infected and 
number of quarters abnormal were all < .10. 
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Wilton et al. (1972) also estimated heritabilities for 
bacterial infections using data from 638 herds enrolled in 
the New York State Veterinary College mastitis program. 
Estimates were low, less than .05 for all measures, and were 
not affected by using data from high incidence herds only. 
Incidence rates were 2.6%, 5.8%, and 12.9% for < 36, 34-47, 
and > 47 months, respectively. 
Gonyon et al. (1982) estimated heritabilities for 
average CMT scores across lactations using DHIA records from 
Holsteins in the Pacific Northwest. Paternal half sib 
estimates ranged from .10 to .11. 
Alrawi et al. (1978) estimated heritabilities for CMT 
scores coded over nine months for 15,965 Holstein 
lactations. Estimates ranged from .11 to .48 across 
lactations. First lactation estimates tended to be higher 
than those from later lactations. In the same study, 
heritability estimates for resistance to elevated CMT scores 
were .48, .36, .46, and .23 for the first four lactations. 
In a Canadian study, Monardes et al. (1983) looked at 
measures of somatic cell count from monthly test day 
observations on 3,966 Holstein cows. Iterative Minimum 
Variance Quadratic Estimates (MIVQUE) of heritabilities 
ranged from 0 to .14. Estimates from measures on partial 
lactations from 45 days postpartum were lower than 
corresponding measures on the entire lactation. 
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In a similar study, Monardes and Hayes (1985) looked at 
monthly somatic cell counts of 928 cows enrolled in the 
Quebec Dairy Herd Analysis Service. They estimated 
heritabilities of log somatic cell counts around .09, with 
little variation across lactations. 
Seykora and McDaniel (1986) used 11,449 lactation 
records from six North Carolina research herds to estimate 
genetic components of variance for somatic cell counts. 
They reported repeatability estimates between first and 
second lactations for average cell count and mean log 
somatic cell count of .11 and .21. The heritability of 
somatic cell count was estimated to be .18. 
Miller (1984) reviewed literature on udder health traits 
and found heritabilities averaged near .20 for cell count 
measures and were smaller for other measures. Freeman 
(1984) reviewed literature on reproductive problems and 
concluded that heritabilities of reproductive traits are 
low, generally < .OS. He suggested that gains from mass 
selection for improved reproduction would be minimal; 
however, selection of sires for daughter fertility could be 
effective. Foote (1969) also reviewed literature dealing 
with the inheritance of fertility and found heritabilities 
for percent nonreturns ranged from 0 to .08, services per 
conception 0 to .1, first service to conception 0 to .09, 
and calving interval 0 to .1. His review considered 
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research prior to 1970 and he noted that most of the studies 
at that time were from field studies (as opposed to planned 
research herd studies). 
Inskeep et al. (1961), using 1,824 records from 41 
Midwestern Holstein herds, found the heritability of 
conception rate to be .08S. In a similar study, Collins et 
al. (1962) estimated conception rate heritabilities for 
Guernsey cows within two AI studs. The resulting 
heritabilities from intra-sire correlations of paternal half 
sib (PHS) groups were .08 and .02 for each stud. 
Everett et al. (1966) used 10,S37 Guernsey and 10,907 
Holstein lactations from a large commercial dairy in 
California and found that heritabilities of various measures 
of breeding efficiency to be low. Seykora and McDaniel 
(1983) also estimated breeding efficiency heritabilities 
using 6,000 records from North Carolina research herds over 
20 years. Heritabilities from paternal half sib 
correlations were .OS for days open and .OS for age at first 
calving. 
Hahn (1964) looked at nonreturn rates of 1,100 cows from 
herds classified as either high or low for fertility. 
Heritability and repeatability estimates were .17 and .23, 
respectively, for low fertility herds, and were both near 
zero for high fertility herds. He concluded that heritable 
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differences in cattle may best be observed under stress 
conditions. 
Coleman et al. (1985) looked at relationships between 
management factors and reproductive performance in 83 herds 
and reported within herd repeatabilities for the following 
traits: retained placenta .13, uterus infection .07, and 
cystic ovaries .OS. 
Hansen et al. (1983) used breeding receipts from Eastern 
Artificial Insemination Coop., Incorporated to estimate 
heritabilities for 10 fertility measures. Estimates from 
nearly 100,000 records ranged from 0 to .03 for 
heritabilities, and .03 to .13 for repeatabilities across 
lactations for the traits considered. 
In a study involving 62,112 health records from Dairy 
Herd Improvement Associations (DHIA), Shanks et al. (1982) 
estimated heritabilities by lactation for five categories of 
health traits and associated costs. Health incidences were 
grouped into the following categories: reproduction, 
mammary, locomotive, other, and total health incidences. 
Heritabilities for the first and fourth lactations, 
respectively, were: .01 and .07 for reproduction, .03 and 
.41 for mammary, 0 and .08 for locomotive, .04 and .11 for 
other, and .02 and .26 for total health incidences. 
Heritabilities of health cost in each category were similar. 
Heritabilities in the first three lactations were < .10. 
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Shanks concluded that information from close to 250 
daughters per sire would be needed for an adequate sire 
evaluation for health traits. 
In another study, Shanks et al. (1978) estimated 
repeatabilities for various reproductive problems using data 
from the Iowa State University dairy breeding herd at 
Ankeny. Estimates were: O for retained placenta, .20 for 
cystic ovaries, and .18 for calving assistance. They 
concluded that fertility was not as highly repeatable as 
milk production, but most estimates were moderate (near 
.20). 
From a Norwegian study, Solbu (1982), used records from 
nearly 60,000 daughters of AI bulls and estimated 
heritabilities for various health problems. Estimates were 
around .02 for mastitis and ketosis, and ranged from 0 to 
.01 for various fertility problems, including: silent heat 
cystic ovaries, metritis, and retained placenta. 
In conclusion, heritability and repeatability estimates 
for reproductive traits are low, generally < .10. Estimates 
for mastitis measures appear to be slightly higher, 
generally < .20. Estimates vary across lactations, however 
no trend is evident. Incidences for most health traits are 
low, and some studies suggest that heritable differences in 
cattle may best be observed under stress conditions. 
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Correlated Traits - Health and Production 
In a review of literature dealing with udder health, 
Miller (1984) found a genetic antagonism between cell count 
and milk yield (genetic correlations of about .2) in 
contrast to negative phenotypic correlations. He concluded 
that a program to select sires whose progeny have lowest 
cell counts should be formulated carefully as more needs to 
be known about the interpretation of cell count as a 
defensive mechanism. 
In a more recent study, Monardes and Hayes (1985) 
estimated phenotypic correlations between milk yield and 
somatic cell counts ranging from -.08 to -.19. Estimates 
were higher for later lactations. Genetic correlations, on 
the other hand, were highest in the first lactation and 
mostly positive; .48 for first lactations, -.07 for second, 
and .07 for third. Seykora and McDaniel (1986) also 
considered the relationship between somatic cell counts and 
first lactation mature equivalent milk yield. Their 
estimate of the genetic correlation between production and 
cell count, .07, was lower than the previous study. They 
also found significant relationships between udder type 
traits and cell counts. Cows with more udder clearance, 
deeper clefts, smaller distances between teats, and teats of 
smaller diameter had lower somatic cell counts. They 
concluded that the best selection criteria for reduced 
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somatic cell count appeared to be multiple lactation log 
somatic cell count along with a measure of udder height. 
In a study involving 1,278 lactations from 390 Jersey 
cows in a Tennessee experimental station herd, Miller et al. 
(1976) estimated regressions of mastitis traits on average 
daily milk yield. Both linear and quadratic estimates were 
significant (p < .05) suggesting mastitis incidences 
increase with milk yield at a steadily decreasing rate. 
Schmidt and Van Vleck (1964) observed small (< .10) 
positive within-herd phenotypic correlations between daily 
milk yield and bacterial udder infections in 2,865 Holstein 
lactations. Wilton et al. (1972) also estimated small 
phenotypic correlations between milk yield and udder 
infections. Data were collected from 638 herds in New York. 
The majority of the estimates were near zero and negative in 
contrast to the significantly positive regressions in the 
previous study. 
Alrawi et al. (1979) studied the degree of mastitis 
resistance using coded CMT scores from 15,965 Holstein 
lactation records. The genetic correlation estimate between 
305 day milk yield and cumulative coded CMT scores was -.31 
for first lactation records. In this study CMT scores were 
coded to indicate degree of resistance so a high score 
indicates a high degree of resistance. The negative genetic 
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correlation implies cows with higher milk production are 
more likely to have elevated CMT scores. 
Gonyon et al. (1982), using DHIA records from Holstein 
herds in the Pacific Northwest, estimated genetic 
correlations of .16 and .34 for mastitis score with milk and 
fat yield in first lactations and -.10 and -.07 for later 
lactations. This suggests that the antagonistic relation-
ship between mastitis and milk production is strongest 
during the first lactation. 
In a review of literature dealing with the inheritance 
of fertility prior to 1970, Foote (1969) concluded high 
producing cows tend to have more reproductive problems and 
longer calving intervals. Production during early stages of 
lactation, however, accounted for little variation in 
several measures of breeding efficiency. He also concluded 
since genetic relationships between fertility and production 
are low, little change in fertility is expected when 
selecting only for production. In a more recent literature 
review, Freeman (1984) found in studies of producer data a 
small, but real, depressing genetic effect of milk yield on 
fertility. Studies from experimental research herds where 
selection was for increased production found correlated 
responses of fertility were not significantly different 
between high and low production groups. Lack of significant 
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differences, Freeman concluded, may be due to better 
reproductive management in research herds. 
Hillers et al. (1984) agreed that good nutrition, 
health, and management programs may offset effects of 
production stress. In a study involving four large 
Washington commercial herds they found neither linear nor 
quadratic regression coefficients of conception on milk 
production were significant. In a similar study Everett et 
al. (1966) looked at breeding efficiency measures in 10,907 
Holstein and 10,537 Guernsey lactations from a large 
commercial herd in California from 1948 to 1964. Regression 
estimates suggested a slight increase in breeding efficiency 
with increased production. Phenotypic correlations between 
efficiency and production variables, however, were near 
zero. Genetic correlations between 120 day milk production 
and efficiency measures were significant and relatively 
large (approximately .5), indicating an antagonistic 
association. 
In a study of fertility traits involving nearly 100,000 
lactation records, Hansen et al. (1983) found measures of 
yield for early stages of lactation had slight positive 
phenotypic correlations with fertility whereas those for 
measures of cumulative yield later in lactation were higher. 
Genetic correlations of first parity yield and most measures 
of fertility were positive and less influenced by stage of 
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lactation. The magnitude of genetic correlations moderated 
with second parity and were not significantly different from 
zero for third parity estimates. 
Johnson et al. (1966), using records from just 74 cows 
in four North Carolina Holstein research herds, found that 
cows with cystic ovaries produced significantly more milk 
than noncystic herdmates (p < .001 for 90 days and p < .01 
for 305 days). There were no significant differences in 
production between the same groups in the previous 
lactation. In a similar study, Coleman et al. (1985) also 
found that cystic ovaries had a significant positive 
relationship with 305 day ME milk yield. They also 
estimated significant regression coefficients between 
retained placenta, uterus infections, and calving 
d i fficulty, suggesting that these traits occur as a complex. 
Markusfeld (1987), using 8,521 Holstein lactation 
records, considered interrelationships among nine 
periparturient traits. He found positive significant 
relationships between prolapsed uterus, retained placenta, 
metritis, and milk fever. Ketosis was found to be 
positively correlated with displaced abomasum and both of 
these traits were associated with increased retained 
placentas and metritis. 
Martin et al. (1986) studied the effects of retained 
placenta on milk yield and reproductive performance traits. 
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Cows with retained placentas also had an increase of four 
days to first service, 19 days open, and .2 more services 
per conception than cows without retained placentas. Milk 
yield, however, was not affected by retained fetal 
membranes. 
In a Norwegian study of nearly 60,000 l actation records, 
Solbu (1982) found significant positive phenotypic 
correlations between disease frequencies and maximum daily 
milk yield. He found increased frequencies of silent heat, 
cystic ovaries, and metritis with increased milk yield. 
Retained fetal membranes were associated wi th lower milk 
yields. In Norway, breeding values are currently being 
estimated for two general traits: mastitis and all other 
diseases. Transmitting abilities are estimated for all 
bulls used in artificial insemination. 
Erb et al. (1985) found that dystocia in heifers 
increased the risk of retained placenta, metritis, and 
culling by 2.9 to 4.0 times. Cows with milk fever were 
found to have 2 to 6 times more dystocia, r etained 
placentas, and metritis, resulting in an indirect 
association between milk fever and both poorer breeding 
performance and increased risk of being culled. Heifers 
with cystic ovaries produced 376 kg more milk, but were 16 
days longer to first service than noncystic heifers. 
Heifers with clinical mastitis had similar 305 day milk 
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yield, but left the herd 5.2 times more often than those 
without mastitis. 
Shanks et al. (1978) analyzed health data from an 
experimental herd at Iowa State University. High pedigree 
milk cows produced more milk but had 9% more digestive 
problems, ~% more foot rot, 14% more skin and skeletal 
disorders, 11% more cases of udder edema, and 2% more 
mastitis than low pedigree milk cows. In addition, longer 
conception intervals and lower conception rates, charac-
teristic of open infertile cows, were associated with lower 
milk production. In general, phenotypic correlations 
between traits and deviation milk were negative. Phenotypic 
correlations among reproductive traits were mostly positive. 
In a study of health traits categorized into functional 
groups, Shanks et al. (1982) estimated phenotypic 
correlations between 305 day ME milk by lactation ranging 
from -.28 to -.33 for mammary, .18 to .27 for reproductive, 
.13 to .22 for locomotive, and -.03 to -.08 for total health 
incidences across lactations. Genetic correlations by 
lactation were greater in magnitude, ranging from -.22 to 
-.62 for mammary, .02 to 1.4 for reproductive, .16 to .76 
for locomotive, and .12 to -.25 for total health incidences. 
Genetic and phenotypic correlations between health traits 
and postpartum length to conception were larger than those 
for milk yield but basically followed the same pattern. 
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In conclusion, results from literature dealing with the 
relationship between health traits and production variables 
have been mixed. Phenotypic correlations between mastitis 
and milk yield were small (< .20) and both positive and 
negative. Genetic correlations between the two variables 
were mostly positive and larger. Phenotypic correlations 
between fertility traits and milk production were small and 
mostly positive. Genetic correlations were also positive 
and large (around .5). In other words, increased production 
is associated with longer calving intervals and lower 
conception rates. Cystic ovaries were associated with 
increased production in many studies. 
Phenotypic correlations among health traits were 
estimated to be positive but small (< .15). Genetic 
correlations, on the other hand, were positive but larger (> 
.5). Dystocia, retained placentas, uterus infections, and 
rnetritis were observed to occur as a complex. Ketosis and 
displaced abomasum also showed positive phenotypic 
correlations. There is also evidence that health and type 
traits are significantly correlated. 
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DESCRIPTION OF DATA 
The data for this analysis were provided by 21st Century 
Genetics, an artificial insemination cooperative in Shawano, 
Wisconsin. The data were from two sources. The first set 
of data consisted of 3,664 records supplied by dairymen 
through a program administered by the cooperative. Farmers 
were supplied with forms which were used to record 
incidences of health problems listed across the top of each 
page. Information recorded on the forms included: date of 
birth, cow eartag number, sire identification, date of 
freshening, lactation number, breeding dates, and incidences 
of 22 health problems. The last column indicated the date 
of next freshening or date sold which was used to ensure a 
record was complete. Records were on a lactation basis and 
dairymen were asked to record incidences as they occurred 
for each cow. 
The second set of data included 7,344 records which were 
copied by 21st century personnel from local herd health 
records. Veterinarians in the area were contacted and asked 
to provide lists of their customers which were on a monthly 
herd health program. Personnel from the cooperative's 
genetics staff visited these herds and received permission 
to copy the farmers' health records onto the same forms as 
those used in the first set of data. Characteristics of 
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this data set (copied data), as well as the first data set 
(producer supplied data) are in Tables 1 through 4. 
Each of the 22 individual traits were grouped into one 
of five categories based on body systems. The 22 individual 
traits and their corresponding grouped traits are listed in 
Table 5. Fourteen of the individual traits were scored on 
an all-or-none basis, i.e., if a cow had the health problem 
she was given a score of 1, otherwise she was given a score 
of O. The following traits were scored in this manner: 
sold open, abortion, cystic ovaries, retained placenta, 
uterus infection, udder injury, milk fever, ketosis, 
displaced abomasum, trimmed feet, leg problems, foot 
problems, crampy, and pneumonia. The remaining eight 
individual traits as well as each of the grouped traits were 
scored based on the number of times each problem occurred in 
that lactation. Scores for the grouped traits were the 
unweighted sum of the incidences of the individual traits 
within that group. 
Two traits - all summed and all weighted - were used as 
measures of overall cow health. All summed is the 
unweighted sum of the grouped traits. All weighted is the 
sum of the grouped traits weighted by their average cost per 
incidence. The average cost per incidence for each trait 
was derived from economic data analyzed by Shanks et al. 
(1978) and are presented in Table 6. The first column lists 
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Table 1. Frequency of records by state 
Producer Data Copied Data 
a~~s~ No Records No Herds No Records No 
Wisconsin 1429 18 6484 87 
Minnesota 1823 12 0 0 
Iowa 172 2 0 0 
Table 2. Frequency of records per cow 
Number of Number of Cows 
Records/Cow Producer Data Copied Data 
1 1577 1042 
2 527 919 
3 173 468 
4 49 230 
5 12 116 
>6 3 91 
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Table 3. Frequency of records by lactation 
Lactation Freguency 
Number Producer Data Copied Data 
1 1117 2470 
2 785 1759 
3 546 1060 
4 350 619 
5 206 322 
6> 238 254 
Table 4. Frequency of records by year 
Year of Freguency 
Freshening Producer Data Copied Data 
<1979 0 115 
1980 1 169 
1981 268 301 
1982 1164 564 
1983 835 1061 
1984 700 1778 
1985 364 2147 
1986 0 349 
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Table 5. Individual traits included in each grouped trait 
Individual Trait 
Abortion 
Cystic Ovaries 
Retained Placenta 
Uterus Infection 
No. of Inseminations 
Other Reproductive Problems 
Mastitis 
Udder Injury 
Other Udder Problems 
Milk Fever 
Ketosis 
Displaced Abomasum 
Other Digestive Problems 
Trimmed Feet 
Leg Problems 
Foot Problems 
Crampy 
Other Locomotive Problems 
Pneumonia 
Other Respiratory Problems 
Grouped Trait 
Reproductive 
Mammary 
Digestive 
Locomotive 
Respiratory 
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Table 6. Means of health incidences, health costs and cost 
per incidence for grouped traits across 30 day 
postpartum intervals 
Health Mean Mean Cost per 
Category Cost Incidence Incidence 
(Dollars) (Dollars) 
Mammary 1. 74 .so 3.48 
Reproductive 1. 06 .34 3.11 
Inseminations .95 .14 6. 79 , 
Locomotive .32 .08 4.00 
Digestive .14 .08 1. 75 
Respiratory .10 .008 12.50 
Other .76 .15 5.07 
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the average total cost per 30 day interval of gestation for 
each grouped trait. The second column lists the average 
number of incidences per 30 day interval of gestation by 
trait. The third column lists the average cost per 
incidence which is column 2 divided by column 1. The 
average cost per incidence was then multiplied by the number 
of incidences and summed over traits and is used as the 
weighted value for this analysis. 
Means and standard errors of the individual traits using 
all records for each data set are in Table 7. Means 
represent the average incidence of each trait for a 
lactation record. Means varied considerably across data 
sets for many of the individual traits, particularly for 
traits which were in the mammary and digestive groups. In 
general, records from the copied data set were less complete 
than those sent in by producers, especially for mammary and 
digestive traits. 
Means and standard errors for the grouped traits by data 
set including all records are in Table 8. Once again there 
is a considerable difference between data sets for mammary 
and digestive traits. 
Tables 9 and 10 list the number of records within each 
class for traits with greater than two incidences possible, 
by data set, using all records. For example, in Table 9 
there were 2401 lactation records with 0 incidences of 
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Table 7. Means· and standard errors of individual traits, by 
data set 
Trait 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
No. of Inseminations 
Other Reproductive 
Problems 
Mastitis 
Udder Injury 
Other Udder Problems 
Milk Fever 
Ketosis 
Displaced Abosamum 
Other Digestive 
Problems 
Trimmed Feet 
Leg Problems 
Foot Problems 
Crampy 
Other Locomotive 
Problems 
Pneumonia 
Other Respiratory 
Problems 
All Other Problems 
Producer Data 
Mean SE 
.203 
.025 
.058 
.092 
.147 
1. 58 
.086 
.487 
.113 
.053 
.094 
.066 
.022 
.035 
.088 
.046 
.050 
.032 
.012 
.014 
.012 
.041 
.007 
.003 
.004 
.005 
.006 
.019 
.005 
.016 
.005 
.004 
.005 
.004 
.002 
.004 
.005 
.003 
.004 
.003 
.002 
.002 
.002 
.004 
Copied Data 
Mean SE 
.049 
.018 
.100 
.024 
.143 
1. 61 
.139 
.195 
.023 
.006 
.037 
.020 
.010 
.013 
.107 
.032 
.053 
.005 
.001 
.007 
.003 
.012 
.003 
.002 
.004 
.002 
.004 
.014 
.005 
.007 
.002 
.001 
.002 
.002 
.001 
.001 
.004 
.002 
.003 
.001 
.001 
.001 
.001 
.001 
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Table 8. Means and standard errors of grouped traits, by 
data set 
Producer Data Co2ied Data 
Grouped Trait Mean SE Mean SE 
Reproductive 1. 88 .020 1. 91 .014 
Mammary .653 .019 .224 .008 
Digestive .217 .009 .080 .004 
Locomotive .228 .010 .199 .007 
Respiratory .026 .003 .010 .001 
All summed 3.05 .035 2.43 .019 
All weighted 16.13 .177 14.14 .111 
31 
Table 9. Frequencies by category for traits with more than 
two categories - producer data 
Number of Incidences 
Trait 0 1 2 3 4 5 6> 
Number Inseminations 358 1675 790 360 147 55 39 
Other Reproductive 3156 244 23 1 0 0 0 
Problems 
Mastitis 2401 655 238 74 29 12 15 
Other Udder 3260 153 10 1 0 0 0 
Problems 
Other Digestive 3317 98 5 3 1 0 0 
Problems 
Other Locomotive 3385 38 0 1 0 0 0 
Problems 
Other Respiratory 3388 33 3 0 0 0 0 
Problems 
All Other Problems 3301 114 7 2 0 0 0 
Reproductive 494 2479 1648 1128 530 151 54 
Mammary 2241 621 325 134 56 22 25 
Digestive 2849 468 89 14 3 0 1 
Locomotive 2913 331 123 37 19 0 1 
Respiratory 3346 71 7 0 0 0 0 
All Summed 342 1902 1561 1290 762 362 265 
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Table 10. Frequencies by category for traits with more than 
two categories - copied data 
Number of Incidences 
Trait 0 1 2 3 4 5 6> 
Number Inseminations 573 3310 1492 633 254 125 97 
Other Reproductive 5653 748 66 13 3 1 0 
Problems 
Mastitis 5734 519 151 51 28 0 1 
Other Udder Problems 6447 36 1 0 0 0 0 
Other Digestive 6407 77 0 0 0 0 0 
Problems 
Other Locomotive 6475 9 0 0 0 0 0 
Problems 
Other Respiratory 6464 20 0 0 0 0 0 
Problems 
All Other Problems 6419 63 2 0 0 0 0 
Reproductive 264 1318 893 606 237 73 33 
Mammary 5663 530 184 72 28 6 1 
Di gestive 6060 379 43 2 0 0 0 
Locomotive 5619 540 218 104 1 2 0 
Respiratory 6426 57 1 0 0 0 0 
All Summed 121 750 783 660 456 271 383 
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mastitis for the producer data set, 655 lactation records 
with 1 incidence of mastitis, and 238 with 2 incidences. 
The majority of the traits had zero incidences as the class 
with the highest frequency. Number of insemination has 1 as 
the highest frequency class. A grouped trait, reproductive, 
also has 1 as its highest frequency class, primarily because 
number of inseminations is included in this group. The 
proportton of records within each trait across data sets are 
similar with the exception of digestive and mammary grouped 
traits. 
34 
MATERIALS AND METHODS 
Preliminary analyses were first conducted using the 
producer data set to determine what effects significantly 
affect health problems . From these analyses, a final model 
was chosen for use in the estimation of variance and 
covariance component. The following sections outline the 
models and estimation methods used in each stage of the 
analysis. 
Preliminary Analyses 
Preliminary analyses were conducted to determine what 
factors significantly affect health problems. The following 
model (Model I) was used: 
Yi.J'klm = u + herdi +year]. +month + b(lact ) k ijklm 
+ sirel + eijklm 
where: 
th Yijklmn is the health incidence of the m daughter 
r ecord of the 1th sire calving in the kth month of the jth 
. h .th h d year in t e 1 er 
u is the overall mean 
herdi is the ith herd effect 
year. 
J 
is the effect of the jth year of calving 
the effect of the kth month of calving monthk is 
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lact .. kl is the lactation number used as a covariate of iJ m 
th th . 1 . . h kth the m daughter record for the 1 sire ca ving in t e 
month of the jth year in the ith herd 
b is the linear regression effect associated with the 
lactation covariate 
sire1 is the effect of the 1th sire 
th 
eijklm is the random residual associated with the m 
daughter record at the 1th sire calving in the kth month of 
t he jth year in the ith herd. 
All effects were assumed fixed with the exception of the 
r andom residual or error term. Dependent variables included 
t he 22 individual health traits, the five grouped traits, 
' 
and the two "all" traits. The data were edited to include 
only records from sires with five or more progeny resulting 
in 2,898 records from 107 sires. The data included multiple 
cow records across lactations. Cow effects, however, were 
not accounted for in this analysis. Type III sums of 
squares were computed using Proc GLM of the Statistical 
Analysis System (SAS, 1986). F-ratios were used to 
determine the significance of each group of effects. 
Results from this analysis are presented in Tables 14 
through 17 in the Results and Discussion section. 
Estimation of Repeatabilities 
The following model was used in the estimation of cow 
and error variance components (Model II): 
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Yijkl = u + herdyrij + b(lactikl) + cowik + eijkl 
where: 
Yijkl is the health incidence of the 1th record of the 
kth cow in the ith herd calving in the jth year 
u is the overall mean 
herdyrij is the fixed effect of the jth year within the 
ith herd 
lactijkl is the lactation number of the 1th record of 
h kth . h .th h d d .th t e cow in t e 1 er an J year 
b is the linear regression effect associated with the 
lactation covariate 
cowik is the random effect of the kth cow nested within 
the ith herd 
eijkl is the random residual associated with the 1th 
record of the kth cow in the ith herd calving in the jth 
year. 
Dependent variables included the 22 individual traits, 
the 5 grouped traits, and the 2 "all" traits. Records were 
eliminated if they contained invalid or missing data for any 
of the effects in the model. The resulting data sets 
included 3,399 records for the producer data set, 6,369 
records for the copied data set, and 9,768 records for the 
combined data set. 
Cow and error variance components were estimated using 
Harvey's Mixed Model Least-Squares and Maximum Likelihood 
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Computer Program (Harvey, 1985). The program calculates 
reductions in sums of squares for various submodels of the 
original model, equates these reductions to their 
expectations, and solves for variance components. This is 
the same as Method III of Henderson (1953). Reductions were 
taken in the following order: herds, cows within herds, and 
lactations. Repeatabilities were then estimated as the 
ratio of cow variance to cow plus error variance. Data used 
to estimate repeatabilities are summarized in Table 11. 
Repeatability estimates for each trait by data set are 
presented in Tables 18 and 19 of the Results and Discussion 
section. 
Estimation of Heritabilities and Correlations 
The following model was used in estimating variance 
components for heritabilities and correlations (Model III): 
Yijkl = ui + herdyrij + bi(lactjkl) + sireik + errorijkl 
where: 
Yijkl is the health incidence of the ith trait for the 
1th daughter record of the kth sire which calved in the jth 
herd-year 
ui is the overall mean for the ith trait 
herdyr .. is the jth fixed herd-year effect for the ith lJ 
trait 
lactjkl is the lactation number or covariate of the 1th 
daughter record for the kth sire and the jth herd 
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Table 11. Number of cows and total number of records used 
in estimating repeatabilities, by data set 
Data Set Number of Cows Number of Records 
Producer data 1838 3399 
Copied data 2579 6369 
Combined data 4576 9768 
bi is the fixed linear regression effect associated with 
the lactation covariate for the ith trait 
sireik is the kth random sire effect for the ith trait 
errorijkl is the random residual associated with the 1th 
d ht d f th kth . 1 . . th . th h d aug er recor o e sire ca v1ng in e J er year 
for the ith trait. 
Dependent variables included both individual and grouped 
traits as well as mature equivalent milk and fat production. 
Records were eliminated if they contained missing or invalid 
data for any of the effects in the model. Data were then 
further edited to include only records of sires with five or 
more progeny. The resulting data sets included 2,898 
records from 107 sires for the producer data set, 5,959 
records from 164 sires for the copied data set, and 9,187 
records from 229 sires for the combined data set. 
Variance and covariance components were estimated using 
a mixed model multiple trait restricted maximum likelihood 
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(REML) program written by Van Raden (1986). REML estimates 
of variance components have many desirable properties as 
outlined by Harville (1977), and include: 1) estimates 
produced are always within the parameter space, 2) estimates 
are unique and are not dependent on the set of priors used, 
3) estimates are not affected by selection or assertive 
mating if records on which selection is based are included, 
and 4) estimates are biased, however standard errors are 
generally smaller than unbiased procedures. 
Lactation effects were not fitted directly. Dependent 
variables were preadjusted for lactation effects using 
linear regression constants estimated from Model III 
assuming all effects, excluding the error term, were fixed. 
Regression coefficients were estimated separately for each 
of the three data sets and are in Tables 16 and 17. 
Heritabilities and correlations were estimated 
separately for each data set. Heritabilities were estimated 
as 4A 2; A2+A 2 Standard errors were approximated using a O'S (O's O'e) • 
method from Sweiger et al. (1964). Genetic and error 
variances and covariances between traits were computed 
directly. Phenotypic covariances were estimated as the sum 
of the genetic and error covariance components. Similarly 
phenotypic variances were estimated as the sum of the 
genetic and error variance components. 
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Heritabilities and correlations were estimated twice for 
each data set, once for the individual and grouped traits 
including mature equivalent milk and fat, and also for the 
individual and grouped traits without mature equivalent milk 
and fat. 
Mature equivalent (ME) milk and fat records were 
obtained from the USDA Animal Improvement Programs 
Laboratory at Beltsville, Maryland, and from the Minnesota 
and Wisconsin Dairy Herd Improvement Association Record 
Processing Centers. Production records were matched with 
health records and the resulting data set edited to include 
only records from sires with five or more progeny. The 
number of records and sires represented in each data set 
both with and without milk and fat records are summarized in 
Table 12. 
One problem associated with the model used in estimating 
heritabilities and correlations is that multiple records 
exist among progeny of sires. If the covariance attributed 
to these repeated records is negligible, heritabilities and 
correlations would not be greatly biased by using this 
model. Repeatability estimates from this data suggest, 
however, that this covariance may not be negligible for many 
of the traits. One possible solution to this problem is to 
use only one record per progeny in the analysis. The data 
were divided into three subsets containing one record per 
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Table 12. Number of sires and total number of records used 
in estimating heritabilities, by data set, with 
and without matching production records 
Using milk and Number Number 
Data set fat records? of sires of records 
Producer data No 107 2898 
Copied data No 164 5959 
Combined data No 229 9187 
Producer data Yes 72 1641 
Copied data Yes 122 3751 
Combined data Yes 138 5392 
progeny. The first subset contained the first record from 
each cow, the second subset contained the second record from 
cows with more than one record, and the third subset 
contained the third record from cows with more than two 
records. It should be noted that the first subset contained 
the first available record, not lactation, for each cow 
since multiple records could begin with second or greater 
lactation records. Cows in the second subset were, on 
average, older than those in the first subset, and those in 
the third subset were older, on average, than those in the 
second. 
Heritabilities were then estimated separately for each 
subset of single records. The number of records in each 
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subset, and the number of sires represented are summarized 
in Table 13. We were not able to estimate heritabilities 
for individual traits for the third subset of both the 
producer and copied data sets due to the small number of 
records in relation to the large number of traits. This was 
not a problem for the combined data set, however. 
Heritability estimates were then combined using a 
weighted average of the three estimates. Estimates for each 
subset were weighted by the reciprocals of their respective 
sampling variances as described by Smith (1954). Estimates 
of heritabilities based on single records are in Tables 22 
and 25. 
When working with maximum likelihood estimation 
procedures, it is necessary to assume a distribution for the 
random variables being considered. In the procedure we 
used, the dependent variables were assumed to be normally 
distributed. With the exception of the trait all weighted 
and the production variables, the dependent variables were 
ordered categorical with the majority being binomially 
distributed. However, the binomial distribution, as 
explained by Freund (1980), is approximately normal when the 
expected value of ne is equal to 5 or more, where n is the 
smallest subclass number, and e is the incidence rate of the 
trait in question. In this analysis the smallest subclass 
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Table 13. Number of sires and total number of records for 
each subset of single records per progeny, by 
data set 
Subset 1 Subset 2 Subset 3 
# # # # # # 
Data set sires records sires records sires records 
Producer 107 1838 102 690 77 277 
Copied 160 2579 160 1679 147 859 
Combined 226 4576 224 2469 187 1176 
is a herd-year, and the average number of records within 
each herd-year is 15. In order for a trait to meet the 
above normality approximation, it would need an incidence 
rate of at least one-third. The following traits meet this 
requirement: number of inseminations, mastitis, 
reproductive, mammary, all summed, and all weighted. 
Cox (1983) mentions that the above requirement is 
conservative and that in many situations the binomial 
sufficiently approximates a normal distribution when ne is 
at least 1. Under this more lenient restriction, any trait 
with an incidence of at least one-fifteenth or .067 could be 
considered approximately normal. The following traits meet 
this requirement: sold open, retained placenta, uterus 
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infectionr number of inseminations, other reproductive, 
mastitis, udder injury, milk fever, trimmed feed, and all 
grouped traits except respiratory. 
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RESULTS AND DISCUSSION 
Preliminary Analysis 
Results from the preliminary analysis of the producer 
data set are in Table 14 for individual traits, and Table 15 
for the grouped traits. Effects considered included: herd, 
year and month of calving, lactation as a covariate, and 
sire. All effects were considered fixed. 
Herd was highly significant for both individual and 
grouped traits (Tables 14 and 15). Differences in 
management, diagnosis, and recording among herds are large 
as expected. For the individual traits (Table 14) year of 
calving was highly significant (p < .01) for number of 
inseminations, moderately significant (p < .05) for uterus 
infection, mastitis, and ketosis, and approaching 
significance (p < .10) for trimmed feet. For the grouped 
traits (Table 15), year effects were highly significant for 
reproductive all, and all weighted, and were significant at 
the p < .05 level for mammary. Month of calving was 
significant at the .01 level for two individual traits: 
displaced abomasum and number of inseminations (Table 14); 
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and four grouped traits: reproductive, digestive, all, and 
all weighted (Table 15). Month was significant at the .05 
level for trimmed feet, crampy, other locomotive, and the 
grouped trait locomotive. Mastitis, udder injury, and 
ketosis were significant at the .10 level for month. Even 
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Table 14. Significance level of F-tests for fixed herd, 
year, month, lactation, and sire effects on the 
individual traitsa 
Trait 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
Other reproductive 
Mastitis 
Udder injury 
Other udder 
Milk fever 
Ketosis 
Disp. abomasum 
Other digestive 
Trimmed feet 
Leg problems 
Foot problems 
Crampy 
Other locomotive 
Pneumonia 
Other respiratory 
Other all 
No. inseminations 
Herd Year 
*** 
*** 
*** 
*** 
*** ** 
*** 
*** ** 
*** 
*** 
*** 
*** ** 
*** 
*** 
*** * 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** *** 
Month Lactation Sire 
** *** 
* *** 
*** *** 
* 
* *** *** 
* *** 
*** 
*** *** 
* 
*** 
* 
** *** 
** *** 
** 
** *** ** 
*** 
*** 
* 
*** 
a* for p < .10; ** for p < .p5; and *** for p < .01. 
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Table 15. Significance level of F-tests for fixed herd, 
year, month, lgctation, and sire effects on the 
grouped traits 
Trait Herd Year Month Lactation Sire 
Reproductive *** *** *** 
Mammary *** ** *** 
Digestive *** *** *** *** 
Locomotive *** ** * *** 
Respiratory *** *** 
All *** *** *** *** *** 
All weighted *** *** *** 
a* for p < .10; ** for p < .05; *** for p < .01. 
though month was significant for several traits, no seasonal 
patterns existed. Significant month effects but no seasonal 
trend was a conclusion reached by many previous studies 
dealing with mastitis and fertility traits: Wilton et al. 
(1972), Miller (1984), Alrawi et al. (1978), Everett et al. 
(1966), Coleman et al. (1985), and Solbu (1982). 
Lactation was a highly significant covariate (p < .01) 
for the following traits: retained placenta, mastitis, 
other udder, milk fever, other locomotive (Table 14), and 
the grouped traits digestive and all (Table 15). Sold open 
and foot problems were significant at the .05 level, and 
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cystic ovaries, other all, and the locomotive grouped trait 
approached significance (p < .10). 
Sire effects were highly significant (p < .01) for the 
following individual traits (Table 14): sold open, cystic 
ovaries, retained placenta, mastitis, udder injury, milk 
fever, trimmed feet, foot problems, pneumonia, and other 
respiratory. All of the grouped traits, except reproductive 
and all weighted, had highly significant sire effects (Table 
15). Significant sire effects suggest that health problems 
are transmitted genetically and are of an additive nature. 
Regression coefficients for lactation number are 
presented in Tables 16 and 17 and were mostly very small. 
The majority of the regressions for the individual traits 
were positive for the copied and combined data sets, while 
half of the traits had negative regressions with lactation 
number in the producer data set. All of the negative 
coefficients were near zero and were not significant. No 
individual trait had a regression coefficient greater than 
.1, and most were smaller than .01. Individual traits with 
regressions greater than .01 include: number of 
inseminations, sold open, retained placenta, mastitis, and 
milk fever for the producer set; number of inseminations, 
sold open, cystic ovaries, mastitis, milk fever, trimmed 
feet, and foot problems for the copied data set; and sold 
open, cystic ovaries, mastitis, milk fever, and trimmed feet 
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Table 16. Linear regression coefficients and standard 
errors for lactation number on individual traits, 
by data set 
Producer Data Co12ied Data Combined Data 
Reg res- Reg res- Reg res-
Trait sion S.E. sion S.E. sion S.E • 
Sold open .015 .006 .016 .003 .015 • 003 
Abortion .ooo .003 .002 .002 .002 .001 
Cystic ovaries .007 .004 .015 .004 .012 .003 
Retained placenta .012 .004 .003 .002 .008 .002 
Uterus infection -.002 .005 .006 .004 .001 .003 
Other reproduction -.002 .004 .008 .005 .004 .003 
Mastitis .039 .014 .051 .007 .049 .007 
Udder injury -.007 .005 .003 .002 -.001 .002 
Other udder -.009 .004 .000 .001 -.004 .002 
Milk fever .054 .004 .023 .002 .038 .002 
Ketosis .004 .004 -.001 .002 .003 .002 
Disp. abomasum .002 .002 -.001 .001 .ooo .001 
Other digestive -.003 .003 -.002 .001 -.002 .001 
Trimmed feet .004 .004 .017 .003 .013 .002 
Leg problems -.004 .003 .004 .002 .000 .002 
Foot problems -.007 .003 .016 .003 .007 .002 
Crampy -.004 .003 .002 .001 .001 .001 
Other locomotive -.007 .002 .000 .001 -.003 .001 
Pneumonia .ooo .002 -.001 .001 .000 .001 
Other respiratory -.001 .002 .000 .001 -.001 .001 
Other all -.006 .003 .001 .001 -.002 .001 
Inseminations .017 .018 .022 .015 .009 .011 
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Table 17. Linear regression coefficients and standard 
errors for lactation number on grouped traits, by 
data set 
Producer Data Co2ied Data Combined Data 
Reg res- Reg res- Reg res-
Trait sion S.E. sion S.E. sion S.E. 
Reproductive .016 .019 .045 .015 .029 .011 
Mammary .023 .018 .054 .007 .044 .008 
Digestive .058 .008 .019 .004 .039 .004 
Locomotive -.017 .009 .039 .006 .018 .005 
Respiratory -.002 .003 -.002 .001 -.001 .001 
All .080 .030 .143 .014 .125 .013 
All weighted .143 .157 .605 .117 .408 .090 
for the combined data set. Of these traits, mastitis and 
milk fever were the most highly influenced by increasing 
lactation number with regression coefficients of .049 and 
.038, respectively, for the combined data set. 
Results from earlier studies have found increasing 
incidences with lactation number for the following traits: 
mastitis (Schmidt and Van Vleck, 1964; Daniel et al., 1966; 
Wilton et al., 1972), cystic ovaries and retained placenta 
(Thompson et al., 1983; Coleman et al., 1985; Solbu, 1982), 
and milk fever, displaced abomasum, and ketosis (Markusfeld, 
1987). 
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Lactation regressions were larger with the grouped 
traits (Table 17) as expected. Mammary and digestive had 
the largest regression coefficients: .044 and .039, 
respectively, for the combined data set. All and all 
weighted had relatively large coefficients: .125 and .408, 
respectively. This implies that, in general, health 
incidences and costs increase with lactation number. 
The results from the preliminary analyses were used to 
determine which effects to include in the variance component 
estimation models. Herd differences account for the largest 
amount of variation and should definitely be accounted for. 
Year and month of calving were significant for many traits, 
however no seasonal trends were evident. It is not clear 
whether herd-years or herd-year-seasons are the most 
desirable contemporary groups. Seasonal patterns might be 
detectable if the month the incidence occurred were used 
instead of month of calving. Date of incidence, however, 
was not recorded in this data. Lactation regression 
coefficients were small and positive, but were significant 
for many traits. For this reason we decided to preadjust 
the data for both age and parity effects using the 
regression coefficients estimated for lactation on each 
health trait listed in Tables 16 and 17. 
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Repeatability Estimates 
Repeatability estimates are presented by data set for 
individual traits in Table 18, and for grouped traits in 
Table 19. Repeatabilities ranged from -.07 to .67 and 
averaged .23 across data sets. Estimates were similar 
across data sets for most traits. 
Individual traits with low (< .20) repeatability 
estimates for the combined data (Table 18) included: 
abortion, cystic ovaries, uterus infection, number of 
inseminations, other reproductive, milk fever, ketosis, 
displaced abomasum, other digestive, and pneumonia. Traits 
with more moderate repeatability estimates, ranging from .2 
and .4, were: retained placenta, mastitis, udder injury, 
other locomotive, other respiratory, and other all. The 
five remaining individual traits had high repeatabilities (> 
.40): other udder, trimmed feet, leg problems, foot 
problems, and crampy. The three estimates with negative 
values were from the copied data, which were the least 
complete. 
In general, reproductive and digestive traits had low 
repeatabilities. This agrees with the results found by 
Coleman et al. (1985). Mammary traits had more moderate 
repeatabilities and were slightly larger than estimates 
obtained by Seykora and McDaniel (1983). Traits with the 
highest repeatabilities were primarily locomotive traits. 
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Table 18. Repeatabilities for individual traits, by 
data set 
Producer Copied Combined 
Trait Data Data Data 
Abortion .28 -.07 .08 
Cystic ovaries .01 .04 .01 
Retained placenta .15 .17 .23 
Uterus infection .24 .09 .14 
Inseminations .18 .08 .13 
Other reproductive .30 .09 .08 
Mastitis .24 .28 .31 
Udder injury .27 .14 .29 
Other udder .so .41 .54 
Milk fever .07 .03 .10 
Ketosis .14 .09 .18 
Disp. abomasum .13 .09 .16 
Other digestive .10 -.06 .08 
Trimmed feet .38 .46 .44 
Leg problems .43 .64 .57 
Foot problems .34 .49 .45 
Crampy .53 .67 .62 
Other locomotive .24 -.03 .29 
Pneumonia .24 .03 .17 
Other respiratory .06 .43 .22 
Other all .27 .25 .32 
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Table 19. Repeatabilities for grouped traits, by data set 
Producer Copied Combined 
Trait Data Data Data 
Reproductive .22 .10 .14 
Mammary .33 .26 .36 
Digestive .09 .10 .ls 
Locomotive .so .S7 .SS 
Respiratory .11 .13 .19 
All .29 .20 .26 
These traits are probably related to the structural makeup 
of the cow and would be expected to have high 
repeatabilities. 
The grouped trait repeatability {Table 19) estimates 
followed the same pattern as the individual traits within 
each group. Reproductive, digestive, and respiratory had 
the lowest repeatabilities, followed by mammary which had 
intermediate repeatabilities. Locomotive had the highest 
repeatability estimates, averaging nearly .SS. 
Repeatability estimates from records summed over all traits 
averaged about .2S. 
Results from the analysis suggest that the correlations 
among repeated records on the same cow are important for 
most health traits. Mammary and locomotive traits, in 
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particular, have rather large cow effects which should be 
accounted for when estimating sire variance components or 
transmitting abilities. 
Heritability Estimates 
Heritability estimates and standard errors are presented 
in Tables 20 through 22 for individual traits, and Tables 23 
through 28 for grouped traits. Heritabilities were 
estimated from three data sets: using all health records, 
using only health records with production data, and using 
only one record per progeny. 
Table 20 lists heritability estimates for individual 
traits based on all records by data set. The following 
traits had estimates less than .10 for the producer data 
set: abortion, retained placenta, uterus infection, other 
reproductive, other udder, ketosis, displaced abomasum, 
other digestive, leg problems, other all, and number of 
inseminations. Six traits had estimates between .10 and .20 
for the producer data set: sold open, cystic ovaries, udder 
injury, trimmed feet, crampy, and pneumonia. Five traits 
had estimates greater than .20 and included: mastitis, milk 
fever, foot problems, other locomotive, and other 
respiratory. 
From Table 20, reproductive, respiratory, and digestive 
traits (with the exception of milk fever) were the most 
lowly heritable (< .10). Mammary traits were slightly 
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Table 20. Heritability estimates of individual traits 
without milk and fat in the model, by data set 
Producer Data COQied Data Combined Data 
h2 
Approx. 
h2 
Approx. 
h2 
Approx. 
Trait SE SE SE 
Sold open .13 .05 .04 .02 .04 .02 
Abortion .03 .03 .05 .03 .02 .02 
Cystic ovaries .14 .06 .06 .03 .04 .02 
Retained placenta .05 .04 .03 .02 .02 .02 
Uterus infection .03 .03 .04 .03 .03 .02 
Other reproductive .09 .05 .04 .03 .02 .02 
Mastitis .24 .07 .03 .03 .06 .03 
Udder injury .15 .06 .39 .07 .09 .03 
Other udder .08 .04 .13 .04 .05 .03 
Milk fever .36 .09 .32 .07 .23 .05 
Ketosis .05 .04 .03 .02 .03 .02 
Disp. abomasum .06 .04 .03 .03 .04 .02 
Other digestive .05 .04 .07 .03 .02 .02 
Trimmed feet .19 .06 .16 .05 .13 .04 
Leg problems .07 .04 .44 .08 .39 .06 
Foot problems .26 .07 .24 .06 .21 .05 
Crampy .10 .05 .77 .10 .22 .05 
Other locomotive .24 .07 .09 .04 .10 .03 
Pneumonia .19 .06 .02 .02 .03 .02 
Other respiratory .22 .07 .01 .02 .03 .02 
Other all .03 .03 .02 .02 .02 .02 
Inseminations .03 .03 .04 .03 .02 .02 
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higher, averaging less than .20. Locomotive traits were the 
most highly heritable, averaging greater than .20, but were 
also the most variable across data sets. 
Table 21 lists heritability estimates based on records 
with matching milk and fat records. Correlations among 
health traits and production variables were accounted for in 
the multiple trait analysis by including mature equivalent 
(ME) milk and ME fat as dependent variables in the analysis. 
Traits with heritability estimates less than .10 for the 
producer data set include: sold open, abortion, uterus 
infection, other reproductive, other udder, ketosis, 
displaced abomasum, other digestive, leg problems, 
pneumonia, other all, and number of inseminations. Five 
traits had estimates between .10 and .20: retained 
placenta, cystic ovaries, udder injury, trimmed feet, and 
crampy. Five traits had estimates greater than .20: 
mastitis, milk fever, foot problems, other locomotive, and 
other respiratory. 
The same general trends were present as found using all 
records without ME milk and fat. Heritability estimates for 
ME milk and fat were consistent across data sets and similar 
to those found in literature. Individual traits with the 
largest differences in estimates when including ME milk and 
fat (as compared to estimates from the analysis excluding ME 
milk and fat data) for the producer data set are: sold 
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Table 21. Heritability estimates of individual traits 
including milk and fat in the model, by data set 
Producer Data Co12ied Data Combined Data 
h2 
Approx. 
h2 
Approx. 
h2 
Approx. 
Trait SE SE SE 
Sold open .OS .OS .04 .03 .02 .02 
Abortion .OS .OS .03 .03 .02 .02 
Cystic ovaries .14 .07 .OS .04 .OS .03 
Retained placenta .11 .06 .02 .03 .03 .03 
Uterus infection .04 .OS .06 .04 .04 .03 
Other reproductive .OS .OS .07 .04 .03 .03 
Mastitis .20 .08 .04 .03 .06 .03 
Udder injury .14 .07 .27 .07 .12 .04 
Other udder .05 .05 .48 .10 .02 .02 
Milk fever .22 .08 .63 .11 .31 .07 
Ketosis .07 .OS .05 .04 .07 .03 
Disp. abomasum .07 .06 .04 .03 .03 .03 
Other digestive .09 .06 .12 .05 .07 .03 
Trimmed feet .18 .08 .16 .06 .08 .04 
Leg problems .08 .06 .47 .09 .19 .05 
Foot problems .29 .09 .32 .08 .20 .06 
Crampy .18 .08 .04 .04 .• 05 .03 
Other locomotive .23 .09 .02 .03 .08 .04 
Pneumonia .05 .05 .01 .03 .01 .02 
Other respiratory .20 .08 .01 .03 .06 .03 
Other all .04 .05 .07 .04 .04 .03 
Inseminations .06 .OS .05 .04 .04 .03 
Milk .32 .10 .33 .08 .28 .07 
Fat .30 .10 .31 .08 .25 .06 
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open, retained placenta, milk fever, crampy, and pneumonia. 
The differences between these estimates suggest an 
association exists between these traits and ME milk and fat. 
Heritability estimates from the data sets containing 
only one record per progeny and pooled across lactations are 
presented in Table 22. Estimates from this analysis are 
free from biases associated with correlations among repeated 
records. 
Estimates which were less than .10 for the producer data 
include: abortion, retained placenta, uterus infection, 
other reproductive, other udder, other digestive, leg 
problems, crampy, other respiratory, other all, and number 
of inseminations. Eight traits averaged between .10 and 
.20: sold open, cystic ovaries, udder injury, ketosis, 
displaced abomasum, trimmed feet, other locomotive, and 
pneumonia. Three traits - mastitis, milk fever, and foot 
problems - had estimates greater than or equal to .20 for 
the producer data. 
Heritability estimates from the producer data set using 
single progeny records (Table 22) were, on average, slightly 
lower than those estimated using multiple records (Table 
20). Two traits, however, were more than .10 higher: milk 
fever and displaced abomasum. Locomotive and respiratory 
trait estimates generally dropped the most when using single 
records. 
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Table 22. Heritability estimates of individual traits 
including only one record per progeny pooled 
across lactations, by data set 
Producer Data CoEied Data Combined Data 
h2 
Approx •. 
h2 
Approx. 
h2 
Approx. 
Trait SE SE SE 
Sold open .12 .06 .ls .07 .07 .04 
Abortion .02 .04 .ls .07 .04 .04 
Cystic ovaries .10 .06 .06 .OS .OS .04 
Retained placenta .08 .06 .OS .OS .OS .04 
Uterus infection .06 .OS .07 .06 .06 .04 
Other reproductive .09 .06 .os .OS .04 .04 
Mastitis .23 .08 .13 .07 .14 .OS 
Udder injury .12 .07 .06 .OS .07 .04 
Other udder .03 .OS .16 .07 .03 .03 
Milk fever .47 .11 .16 .08 .40 .07 
Ketosis .10 .06 .04 .OS .08 .04 
Disp. abomasum .16 .07 .04 .OS .09 .04 
Other digestive .03 .OS .2s .09 .03 .03 
Trimmed feet .14 .07 .OS .OS .08 .04 
Leg problems .09 .06 .08 .06 .08 .04 
Foot problems .20 .07 .07 .06 .11 .04 
Crampy .09 .06 .06 .06 .11 .OS 
Other locomotive .16 .07 .03 .04 .11 .04 
Pneumonia .11 .06 .07 .OS .09 .04 
Other respiratory .07 .OS .02 .OS .OS .04 
Other all .06 .OS .os .as .03 .03 
Inseminations .07 .06 .07 .06 .04 .03 
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Heritability estimates from the copied data set were 
affected more drastically by limiting data to single records 
per progeny. Estimates for locomotive traits dropped most 
severely and also had the highest repeatability estimates. 
This suggests that biases do occur when attempting to 
estimate variance components with multiple records for 
highly repeatable traits. Heritability estimates from the 
copied data set were affected to a greater extent than the 
producer or combined data sets. This is probably because 
the copied data set has a much higher proportion of repeated 
records. 
Heritability estimates for grouped traits and 
approximate standard errors using all records are in Table 
23. Reproductive and respiratory estimates were less than 
.10 for the producer data set. Digestive and mammary were 
higher, around .20, and locomotive had the highest 
heritability estimate, .30. With the exception of mammary, 
estimates were reasonably consistent across data sets. 
Incidences of mammary problems varied considerably between 
the producer and copied data sets, .653 and .224 
respectively, suggesting biases from incomplete recording 
may be present. 
Table 24 lists heritability estimates for the grouped 
traits for data sets where milk and fat were included in the 
model. Estimates were similar for reproductive, mammary, 
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Table 23. Heritability estimates of grouped traits not 
including milk and fat in the model, by data set 
Trait 
Reproductive 
Mammary 
Digestive 
Locomotive 
Respiratory 
Producer Data 
h 2 Approx SE 
.01 .03 
.20 .06 
.17 .06 
.30 .08 
.08 .04 
Copied Data 
h 2 Approx SE 
.04 .03 
.oo .02 
.15 .05 
.25 .06 
.oo .02 
Combined Data 
h 2 Approx SE 
.02 .02 
.05 .03 
.10 .03 
.29 .05 
.02 .02 
Table 24. Heritability estimates of grouped traits 
including milk and fat in the model, by data set 
Producer Data Co12ied Data Combined Data 
Trait h2 Approx SE h2 Approx SE h2 Approx SE 
Reproductive .04 .05 .05 .04 .03 .03 
Mammary .18 .08 .07 .04 .12 .04 
Digestive .34 .10 .55 .10 .43 .08 
Locomotive .16 .07 .33 .08 .22 .06 
Respiratory .08 .06 .01 .03 .01 .02 
Milk .30 .10 .33 .08 .27 .06 
Fat .26 .09 .29 .08 .25 .06 
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and respiratory traits, slightly lower for locomotive, and 
twice as high for digestive suggesting that production 
influences digestive problems to a greater extent than other 
health problems. Heritability estimates for ME milk and fat 
were near .30 and varied little across data sets. 
Heritability estimates for the data sets containing only 
one record per progeny are presented in Table 25. Estimates 
were generally lower than those from using all records. All 
estimates from the copied data set were close to zero. The 
reason for such low estimates from the copied data are 
unclear, however it could be due in part to the relatively 
high number of repeated records in the copied data set. Two 
traits were noticeably lower than those estimated using all 
records (Table 23) for the producer data: mammary and 
locomotive. These were also the traits with the highest 
repeatability estimates, suggesting a bias exists from 
correlated records on the same cow. This bias had its 
greatest impact on the copied data estimates because of the 
higher proportion of repeated records. 
Heritability estimates, in general, were similar to 
those found in literature. Fertility traits generally have 
low heritability estimates. Mammary traits, particularly 
mastitis, have had low to moderate estimates ranging from .1 
to .2 , Gonyon et al. (1982), Monardes et al. (1983), and 
Seykora and McDaniel (1986). Shanks et al. (1982) estimated 
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Table 25. Heritability estimates of grouped traits 
including only one record per progeny, 
by data set 
Trait 
Producer Data 
h 2 Approx SE 
·Copied Data 
h 2 Approx SE 
Combined Data 
h 2 Approx SE 
Reproductive .02 .04 .02 .04 .02 .03 
Mammary .12 .06 .02 .04 .07 .04 
Digestive .21 .08 .01 .04 .17 .06 
Locomotive .16 .07 .02 .04 .00 .04 
Respiratory .02 .04 .01 .04 .01 .03 
locomotive heritabilities ranging from .00 to .08 which were 
much lower than the estimates from the all records analysis 
but were much closer to estimates from the single record per 
progeny analysis. 
Heritability estimates for all traits summed and all 
traits weighted by average costs are presented in Table 26 
for all records, Table 27 for records including ME milk and 
fat production, and Table 28 for data sets including only 
one record per progeny. 
Estimates from the data set containing all records 
(Table 26) were highest for the producer data, with the 
estimate for all, .24, being roughly twice the size of the 
estimate for all weighted, .11. This relationship generally 
held for all data sets. Estimates from the producer data 
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Table 26. Heritability estimates for "all" traits not 
including milk and fat in the model, by data set 
Producer Data Co:eied Data Combined Data 
Trait h2 Approx SE h2 Approx SE h2 Approx SE 
All .24 .07 .04 .03 .11 .03 
All weighted .11 .05 .03 .03 .04 .02 
Table 27. Heritability estimates for "all" traits including 
milk and fat in the model, by data set 
Producer Data Co:eied Data Combined Data 
Trait h2 Approx SE h2 Approx SE h2 Approx SE 
All .11 .06 .08 .04 .08 .04 
All weighted .05 .05 .05 .04 .05 .03 
Milk .28 .09 .31 .08 .26 .06 
Fat .24 .09 .30 .08 .25 .06 
Table 28. Heritability estimates for "all" traits including 
only one record per progeny, by data set 
Trait 
Producer Data 
h 2 Approx SE 
All .17 .07 
.06 All weighted .07 
Co:eied Data 
h 2 Approx SE 
.02 
.01 
.04 
.04 
Combined Data 
h 2 Approx SE 
.07 
.03 
.04 
.03 
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set when both ME milk and fat were in the model (Table 27) 
were about half what they were estimated from the all 
records data, suggesting that all and all weighted were 
influenced by production. Estimates from the copied data 
set were roughly twice as large when ME milk and fat were 
included in the analysis. The absolute differences were not 
large, however, since estimates were still less than .10. 
Heritability estimates for ME milk and fat were once again 
near .30. Heritability estimates from the data set 
containing only one record per progeny (Table 28) were 
slightly lower than those estimated using all records. 
Correlations with Production Variables 
Genetic correlations between ME milk and fat and the 
individual traits are in Table 29. Correlation estimates 
between reproductive traits and ME milk and fat were mostly 
negative for the producer and combined data sets, but were 
mixed positive and negative for the copied data set. Number 
of inseminations was positively correlated with milk in all 
three data sets suggesting higher producing cows need more 
services per conception than lower producers. Correlations 
between the mammary traits and ME milk and fat were 
generally positive, suggesting an antagonistic relationship 
with milk and fat production. Correlations between mastitis 
and ME milk were moderate, averaging .25, while correlations 
with ME fat were near zero. Udder injury also had low 
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Table 29. Genetic correlations between individual traits 
and ME milk and ME fat, by data set 
Producer Data Copied Data Combined Data 
Trait Milk Fat Milk Fat Milk Fat 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
Other reproductive 
Mastitis 
Udder injury 
Other udder 
Milk fever 
Ketosis 
Disp. abomasum 
Other digestive 
Trimmed feet 
Leg problems 
Foot problems 
Crampy 
Other locomotive 
Pneumonia 
Other respiratory 
Other all 
Inseminations 
-.17 -.16 
-.33 -.40 
-.01 .24 
-.43 -.57 
-.17 -.21 
.10 • 20 
.18 .oo 
.30 .04 
• 07 • 27 
.33 -.01 
.26 -.14 
-.15 -.28 
.35 -.44 
• 48 • 40 
.32 .21 
.31 .27 
.37 .39 
.35 .54 
-.21 -.08 
.21 -.34 
.40 .33 
.16 .38 
-.23 -.;49 
.30 -.06 
-.11 .27 
.20 -.04 
.20 .17 
.22 .14 
.32 -.10 
.43 -.08 
.08 .10 
.19 .33 
.49 .68 
.51 .64 
-.22 .15 
-.03 -.13 
.08 .15 
.18 .02 
-.48 -.44 
-.03 .18 
.75 .26 
.61 .48 
.02 -.07 
.02 .58 
-.03 -.01 
-.07 -.09 
-.02 .39 
-.35 -.62 
-.03 .oo 
.19 .26 
.26 -.04 
.38 .06 
.20 .38 
.15 .12 
.41 .26 
.48 .23 
.19 -.28 
.32 .22 
.34 .24 
.32 .24 
.17 .15 
.34 .57 
.02 -.09 
.39 -.19 
.22 -.17 
.22 .74 
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genetic correlations with ME fat, while estimates with ME 
milk averaged .37. 
Genetic correlations between the digestive traits and ME 
milk and fat were also mostly positive. For the producer 
data set, however, estimates between ME fat and the 
digestive traits were slightly negative. Genetic 
correlations between the locomotive traits and ME milk and 
fat were all positive and moderately large for both the 
producer and combined data sets, while estimates from the 
copied data set were smaller and some were negative. 
Estimates for the respiratory traits varied considerably. 
Estimates for pneumonia ranged from -.21 to .75. 
Phenotypic correlation estimates between the individual 
traits and ME milk and fat are presented in Table 30. 
Nearly all the traits had correlation estimates near zero. 
Sold open and number of inseminations had the highest 
estimates, -.26 and .19, respectively, for the producer data 
set. 
Genetic correlation estimates between grouped traits and 
ME milk and fat are listed in Table 31. Estimates were all 
positive with ME milk except for reproductive from the 
producer data set. Correlation estimates between ME fat and 
each of the grouped traits were positive for the copied and 
combined data sets, but were all negative, with the 
exception of locomotive, for the producer data set. 
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Table 30. Phenotypic correlations between individual traits 
and ME milk and ME fat, by data set 
Producer Data Co12ied Data Combined Data 
Trait Milk Fat Milk Fat Milk Fat 
Sold open -.26 -.21 -.10 -.09 -.17 -.14 
Abortion .03 .01 .03 .03 .03 .03 
Cystic ovaries .09 .09 .OS .08 .07 .09 
Retained placenta -.08 -.09 .02 -.01 -.03 -.05 
Uterus infection .02 .02 .00 .oo .oo .01 
Other reproductive .04 .OS .08 .08 .07 .08 
Mastitis -.04 -.04 .02 -.01 -.01 -.02 
Udder injury .oo -.03 .02 -.02 .01 -.02 
Other udder -.03 -.03 -.03 -.04 -.03 -.03 
Milk fever .03 .02 .03 .04 .02 .02 
Ketosis .02 .01 .02 .03 .02 .02 
Disp. abomasum -.06 -.OS .00 .oo -.02 -.02 
Other digestive -.04 -.03 .01 .01 -.01 -.01 
Trimmed feet .13 .12 .02 .01 .07 .05 
Leg problems -.04 -.OS -.01 .01 -.01 -.01 
Foot problems .06 .07 .04 .02 .05 .04 
Crampy -.02 -.03 -.04 -.02 -.02 -.02 
Other locomotive .04 .05 .04 • 0 s .04 .04 
Pneumonia .02 .oo -.01 -.02 .oo -.01 
Other respiratory .02 -.02 .02 .03 .02 .oo 
Other all .03 .01 .02 .01 .02 .01 
Inseminations .19 .19 .18 .18 .19 .19 
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Table 31. Genetic correlations between grouped traits and 
ME milk and ME fat, by data set 
Producer Data co12ied Data Combined Data 
Trait Milk Fat Milk Fat Milk Fat 
Reproductive -.27 -.2S .20 .S7 .01 .43 
Mammary .18 -.06 .80 .48 .47 .19 
Digestive .44 -.06 .34 .49 .44 .33 
Locomotive .48 .4S .24 .ls .44 .31 
Respiratory .02 -.39 .93 .SS .49 -.2S 
All .29 -.2S .62 .70 .S9 .4S 
All weighted .31 -.06 .42 .71 .S4 .61 
Genetic correlations were generally low to moderate 
.(Table 31). Two correlation estimates were relatively high: 
ME milk with both mammary and respiratory from the copied 
data set (.80 and .93, respectively). The corresponding 
estimates from the producer data set were much lower, .18 
and .02, respectively. 
Phenotypic correlations for the grouped traits with ME 
milk and fat are presented in Table 32. As with the 
individual traits most estimates are near zero. 
Reproductive, all, and all weighted have the highest 
estimates averaging .17, .14, and .17, respectively, for ME 
milk, and .17, .13, and .17 for ME fat. 
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Table 32. Phenotypic correlations between grouped traits 
and ME milk and ME fat, by data set 
Trait 
Reproductive 
Mammary 
Digestive 
Locomotive 
Respiratory 
All 
All weighted 
Producer Data 
Milk Fat 
.16 
-.03 
.02 
.06 
.02 
.10 
.lS 
.ls 
-.OS 
.02 
.OS 
-.01 
.08 
.14 
Copied Data 
Milk Fat 
.17 .18 
.04 .01 
.OS .06 
.04 .04 
.oo -.01 
.17 .17 
.20 .20 
Combined Data 
Milk Fat 
.17 
.01 
.04 
.OS 
.01 
.14 
.19 
.17 
-.01 
.OS 
.04 
-.01 
.13 
.18 
In general, with the exception of the reproductive 
traits, genetic and phenotypic correlations between ME milk 
and fat and the individual traits were low to moderate and 
positive. These results agree with those found in litera-
ture. Genetic correlations between production variables and 
mastitis have historically been low to moderate ranging from 
.10 to .SO, while phenotypic correlations have been near 
zero or slightly negative, Everett et al. (1966), Wilton et 
al. (1972), Alrawi et al. (1978), Miller (1984), Monardes et 
al. (1983), and Seykora and McDaniel (1983). Estimates from 
this analysis averaged .2S for genetic and -.01 for 
phenotypic correlations. Studies by Johnson et al. (1966), 
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Coleman et al. (1985), Erb et al. (1985), and Solbu (1982) 
found a slightly positive phenotypic relationship between 
cystic ovaries and milk. Results from this analysis were 
similar with phenotypic correlations averaging .07 across 
data sets for those variables. 
Correlations Among Health Traits 
Table 33 lists genetic (above diagonal) and phenotypic 
(below diagonal) correlation estimates among individual 
traits for the producer data set. 
Genetic correlations among reproductive traits are 
generally positive. The largest positive genetic 
correlations are between retained placenta and uterus 
infection (.57), cystic ovaries and uterus infection (.44), 
and cystic ovaries with other reproductive (.57). There was 
only one large negative correlation, abortion with cystic 
ovaries ~-.53). 
Genetic correlations among mammary traits were all 
positive and large (> .70). Estimates of genetic 
correlations among digestive traits were also mostly 
positive with the largest being between milk fever and 
ketosis (.45), ketosis and displaced abomasum (.46), and 
ketosis and other digestive (.47). Locomotive traits all 
had large positive genetic correlations with estimates 
averaging .70. The genetic correlation between pneumonia 
and other respiratory was estimated to be -.30. 
Table 33. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among individual traits for producer data 
Sold Cystic Retained Uterus Other 
Trait Open Abortion Ovaries Placenta Infection Reproductive Mastitis 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
Other reproductive 
Mastitis 
Udder injury 
Other udder 
Milk fever 
Ketosis 
Disp. abomasum 
Other digestive 
Trimmed feet 
Leg problems 
Foot problems 
Crampy 
Other locomotive 
Pneumonia 
Other respiratory 
Other all 
Inseminations 
.08 
.02 
.07 
.04 
.18 
.14 
.11 
.08 
.04 
.03 
.05 
.04 
-.02 
.11 
.06 
.05 
.07 
.oo 
-.03 
.08 
-.09 
.24 
-.01 
.03 
.08 
.oo 
-.02 
-.02 
.01 
-.04 
.01 
.oo 
.02 
-.01 
.01 
.03 
.02 
-.01 
.02 
-.01 
.01 
-.01 
.48 
-.53 
.01 
.02 
.05 
.03 
.01 
.07 
.02 
.01 
.01 
.oo 
.03 
-.02 
.03 
.00 
.02 
.02 
-.01 
-.01 
.11 
.14 
.17 
.07 
.33 
.09 
-.01 
-.01 
-.04 
.06 
.05 
.08 
.04 
-.02 
.04 
.01 
.04 
.oo 
.04 
-.03 
.03 
.oo 
.63 
.14 
.44 
.57 
.14 
.oo 
.02 
.03 
.oo 
.06 
.04 
.03 
-.01 
.03 
.04 
.04 
-.01 
.03 
.01 
.03 
.07 
.76 
.13 
.57 
-.07 
.28 
.04 
.03 
.03 
.02 
.08 
.05 
.04 
-.01 
.01 
.01 
.03 
.03 
.02 
-.04 
.09 
.11 
.55 
-.30 
.56 
-.33 
.29 
.30 
.33 
.16 
.08 
.01 
-.01 
.01 
.05 
.oo 
.04 
.01 
.11 
.03 
-.02 
.02 
-.03 
-...] 
w 
Table 33. Continued 
Udder Other Milk Disp. Other Trimmed Leg 
Trait injury udder fever Ketosis abomasum digestive feet problems 
Sold open .61 .56 .65 .41 .47 .05 .12 .73 
Abortion -.09 .07 .17 .28 -.06 -.07 .29 .06 
Cystic ovaries .54 .39 .53 .23 .60 .01 -.02 .62 
Retained placenta -.12 .03 .oo .11 .57 -.17 -.42 .29 
Uterus infection .48 .41 .52 .16 .47 -.01 .oo .77 
Other reproductive .53 .31 .43 .49 .62 -.04 .08 .44 
Mastitis .73 .78 .65 -.04 -.08 -.17 .37 .55 
Udder injury - .82 .66 .37 .19 -.15 .49 .74 
Other udder .22 - .54 .19 .14 -.42 .38 .60 
Milk fever .03 .04 - .45 .12 .12 .65 .75 
Ketosis .oo .04 .07 - .46 .47 .48 .39 -....J 
Disp. abomasum .oo .01 .02 .12 - -.01 -.35 .36 "" Other digestive -.02 -.02 .oo .21 .10 - .19 .oo 
Trimmed feet .04 .04 .06 .08 -.03 .06 - .24 
Leg problems .03 .05 .03 .04 .03 .01 .13 
Foot problems .05 .08 .07 .08 -.01 .04 .44 .30 
Crampy .01 .05 .08 .06 .04 -.01 .13 .34 
Other locomotive .08 .09 .09 -.02 -.02 .01 .08 .09 
Pneumonia -.01 -.03 .01 .08 .02 .oo .02 -.01 
Other respiratory -.01 -.02 .01 .03 -.02 .12 .02 -.01 
Other all .04 .04 .05 .06 .05 .10 .07 .06 
Inseminations -.03 -.03 -.01 -.01 .03 .oo -.02 -.03 
Table 33. Continued 
Foot Other Other Other Insemin-
Trait problems Crampy locomotive Pneumonia respiratory all at ions 
Sold open .SS .6S .67 .69 -.37 -.18 .09 
Abortion .36 .18 .19 -.OS ' -.01 .09 -.13 
Cystic ovaries .14 .34 .40 .72 -.34 -.13 -.01 
Retained placenta -.23 -.11 -.23 .11 -.02 -.3S -.31 
Uterus infection .3S .S2 .40 .S7 -.11 -.ls -.36 
Other reproductive .28 .24 .44 .43 -.60 -.38 .43 
Mastitis .S3 .69 .82 .68 -.32 .19 .02 
Udder injury .66 .6S .83 .43 -.31 .02 .16 
Other udder .S6 .ss .81 .4S -.43 .oo .23 
Milk fever .78 .as .82 .70 -.OS .4S -.31 
Ketosis .61 .41 .3S .08 .21 .29 .27 -..J 
Disp. abomasum -.09 -.03 -.01 .38 -.36 -.s2 .28 U1 
Other digestive .30 .31 -.14 -.07 .78 .so -.09 
Trimmed feet .83 .61 .66 .06 .22 .76 -.01 
Leg problems .S9 .7S .72 .72 -.11 .03 -.34 
Foot problems 
- .90 .as .38 .20 .60 -.03 
Crampy .22 - .84 .66 .20 .S3 -.29 
Other locomotive .13 .10 - .63 -.26 .31 -.01 
Pneumonia .oo .02 .oo - -.30 .04 -.31 
Other respiratory .01 -.03 -.01 .06 - .67 -.39 
Other all .OS .oo .14 .02 .20 - -.33 
Inseminations -.01 -.02 -.OS -.02 .OS .01 
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Table 34 lists genetic and phenotypic correlations 
estimated from the copied data set. Genetic correlations 
among traits within the same group were once again generally 
positive. There were, however, a higher proportion of 
negative estimates for this data set. 
From Table 34, genetic correlations among cystic 
ovaries, uterus infection, and retained placenta were 
positive, while correlations between these traits and 
abortion were negative. Genetic correlation estimates among 
mammary traits were mixed. The correlation between mastitis 
and udder injury was .3 while the two other correlations 
between mammary traits were negative. These estimates were 
much different than those from the producer data set. 
Correlations among digestive traits were all positive and 
moderate to large, the highest between ketosis and displaced 
abomasum, .77. Genetic correlations among locomotive traits 
were mostly positive but not as large as estimates from the 
producer data set. The highest were between trimmed feet 
and foot problems (.81) and leg problems and crampy (.62). 
The genetic correlation between pneumonia and other 
respiratory was once again negative (-.15). Again, the 
incomplete nature of the copied data may have been the 
reason many of these estimates differed from the producer 
data. 
Table 34. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among individual traits for copied data 
Sold Cystic Retained Uterus Other 
Trait open Abortion ovaries placenta infection reproductive Mastitis 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
Other reproductive 
Mastitis 
Udder injury 
Other udder 
Milk fever 
Ketosis 
Disp. abomasum 
Other digestive 
Trimmed feet 
Leg problems 
Foot problems 
Crampy 
Other locomotive 
Pneumonia 
Other respiratory 
Other all 
Inseminations 
.03 
.01 
.01 
.01 
.01 
.05 
.01 
.01 
-.02 
.02 
.oo 
-.02 
.01 
.03 
.04 
.01 
.02 
.01 
.02 
.04 
.oo 
-.29 
-.01 
.05 
.08 
.06 
-.01 
.oo 
.oo 
.oo 
-.01 
.03 
-.01 
.oo 
.oo 
.01 
.01 
.oo 
.01 
.01 
.oo 
.03 
.38 
-.34 
.01 
.01 
.10 
.02 
-.02 
.03 
-.01 
.oo 
.02 
-.01 
.01 
-.02 
.01 
-.02 
.oo 
-.02 
-.01 
.oo 
.10 
.13 
-.23 
.43 
.16 
.02 
.03 
-.01 
.oo 
.02 
.04 
.oo 
• 0.2 
.02 
-.01 
.01 
.03 
.oo 
.05 
.03 
-.02 
.03 
.55 
-.31 
.74 
.25 
.05 
.oo 
.oo 
-.01 
.03 
.01 
.03 
.01 
.01 
-.02 
.oo 
-.02 
.01 
.oo 
-.02 
-.01 
.04 
.01 
.10 
.07 
-.12 
-.13 
-.01 
-.03 
-.01 
.02 
.oo 
.01 
.oo 
-.01 
-.01 
-.02 
-.02 
.01 
.oo 
.oo 
.01 
.20 
.01 
.21 
-.25 
-.35 
-.20 
.44 
.20 
.04 
.04 
.oo 
-.02 
.01 
.03 
.oo 
.05 
-.01 
-.01 
.04 
-.05 
.01 
.01 
-.J 
-.J 
Table 34. Continued 
Udder Other Milk Disp. Other Trimmed Leg 
Trait injury udder fever Ketosis abomasum digestive feet problems 
Sold open -.33 .22 -.10 .oo .26 .13 .21 .25 
Abortion .60 ~.22 .45 .33 .15 .33 -.55 -.24 
Cystic ovaries -.51 .40 -.52 -.18 .05 .11 .14 -.12 
Retained placenta .05 .03 .01 -.12 .05 -.31 .27 .45 
Uterus infection -.15 .49 -.23 .04 .33 .08 .13 -.31 
Other reproductive -.21 -.73 -.29 .40 .02 -.05 -.25 -.13 
Mastitis .30 -.46 .17 .00 -.12 -.45 .10 -.23 
Udder injury - -.13 .68 .17 .14 -.27 -.15 -.22 
Other udder -.01 - -.23 -.45 .06 .14 .35 -.05 
Milk fever -.02 .00 - .47 .37 .11 -.40 -.03 
Ketosis .00 .00 .06 - .77 .45 -.52 -.22 ~ 
Disp. abomasum .01 -.01 .05 .11 - .33 -.03 -.18 00 
Other digestive .00 .02 .02 .13 .01 - -.58 -.08 
Trimmed feet -.03 .01 .00 -.02 .00 -.03 - .34 
Leg problems -.02 -.04 .01 -.02 -.01 .01 .30 
Foot problems .01 -.01 -.01 -.02 .00 -.03 .77 .34 
Crampy -.03 -.01 -.02 .03 -.03 -.02 .03 .14 
Other locomotive -.02 .00 .02 .03 -.01 .oo -.02 .06 
Pneumonia ~.01 -.01 -.02 .08 .01 .05 .00 -.02 
Other respiratory .01 -.01 .01 .07 .00 .00 .00 .00 
Other all -.02 .OO .03 .02 -.01 .06 -.01 .06 
Inseminations -.03 -.02 -.02 -.01 -.01 .01 .01 -.02 
Table 34. Continued 
Foot Other Other Other Insemin-
Trait problems Crampy locomotive Pneumonia respiratory all at ions 
Sold open .36 -.14 .65 -.39 -.15 .22 .48 
Abortion -.41 .03 -.51 .34 .11 .01 -.23 
Cystic ovaries -.07 -.02 .35 -.29 -.45 -.07 .58 
Retained placenta .02 .55 .40 -.39 • 28 .12 .23 
Uterus infection .10 -.26 .42 -.19 -.34 .01 .47 
Other reproductive -.26 -.23 -.19 .33 .05 .10 .46 
Mastitis .39 -.31 -.38 .21 .14 -.19 .10 
Udder injury .03 .oo -.39 .24 .45 -.08 -.43 
Other udder .26 -.09 .18 -.19 -.28 -.28 -.11 
Milk fever .03 -.04 .09 -.03 .29 .39 -.25 
Ketosis -.25 -.43 .04 .46 .03 .68 .20 -...! 
Disp. abomasum .17 -.55 .16 .49 -.13 .55 • 11 \0 
Other digestive -.45 -.19 .06 .06 -.36 .53 .02 
Trimmed feet .81 .05 -.03 .04 .10 -.21 -.06 
Leg problems .32 .62 .27 -.48 .60 .38 .19 
Foot problems - -.22 .04 -.01 .25 .07 .04 
Crampy .04 - .13 -.60 .38 -.07 .03 
Other locomotive -.02 .01 - -.64 -.15 .19 .42 
Pneumonia .oo -.01 -.01 - -.15 -.01 -.36 
Other respiratory -.01 .03 .oo .03 - .26 .10 
Other all .01 .03 -.01 .oo .oo - .27 
Inseminations .01 .01 -.01 .oo .oo .02 
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Table 35 lists genetic and phenotypic correlation 
estimates among individual traits from the combined data. 
Genetic correlations among reproductive traits were 
mixed positive and negative and were fairly low. Abortion 
was once again negatively correlated with cystic ovaries 
(-.45). Genetic correlations among mammary traits were all 
moderate and positive, ranging from .34 to .46. 
Correlations among digestive traits were also all positive 
and moderate to large. The largest genetic relationships 
were between ketosis and displaced abomasum (.72) and 
ketosis and other digestive (.71). For locomotive traits, 
genetic, correlation estimates were once again high ranging 
from .30 to .88. Pneumonia and other respiratory had a 
negative genetic correlation (-.05). 
Genetic correlations between traits in different groups 
varied greatly across data sets. For the producer data set, 
cystic ovaries was highly correlated with mammary and 
digestive traits including mastitis, udder injury, milk 
fever, and displaced abomasum. Cystic ovaries was also 
highly correlated with leg problems (.62), and pneumonia 
(.72). Retained placenta was highly correlated with 
displaced abomasum (.57). Uterus infection was positively 
correlated genetically with nearly all other traits 
including udder injury (.48), milk fever (.52), displaced 
abomasum (.47), leg problems (.77), crampy (.52), and 
Table 35. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among individual traits for combined data 
Sold Cystic Retained Uterus Other 
Trait open Abortion ovaries placenta infection reproductive Mastitis 
Sold open 
Abortion 
Cystic ovaries 
Retained placenta 
Uterus infection 
Other reproductive 
Mastitis 
Udder injury 
Other udder 
Milk fever 
Ketosis 
Disp. abomasum 
Other digestive 
Trimmed feet 
Leg problems 
Foot problems 
Crampy 
Other locomotive 
Pneumonia 
Other respiratory 
Other all 
Inseminations 
.06 
.01 
.05 
.02 
.07 
.11 
.09 
.06 
.01 
.03 
.03 
.02 
-.01 
.06 
.03 
.04 
.05 
-.01 
-.01 
.07 
-.04 
.50 
-.01 
.04 
.08 
.04 
-.01 
-.01 
.oo 
-.02 
.oo 
.01 
.oo 
-.01 
.01 
.01 
.01 
-.01 
.01 
.oo 
.oo 
.02 
.13 
-.45 
.oo 
.02 
.89 
.02 
-.01 
.04 
-.01 
.01 
.02 
.oo 
.02 
-.02 
.01 
-.02 
.oo 
-.01 
.oo 
.oo 
.11 
.14 
-.11 
-.15 
.23 
.05 
.01 
.oo 
-.03 
.05 
.05 
.05 
.03 
-.01 
.01 
.01 
.03 
.oo 
.04 
-.01 
.01 
.01 
.54 
-.01 
.34 
.23 
.08 
.oo 
.02 
.01 
.01 
.03 
.04 
.02 
.01 
.oo 
.02 
.01 
.oo 
.01 
.oo 
.01 
.05 
.32 
.07 
.47 
-.34 
-.09 
.oo 
.oo 
.oo 
.01 
.03 
.02 
.02 
-.01 
.oo 
-.01 
.oo 
.01 
.oo 
.oo 
.04 
.17 
.21 
-.13 
.09 
-.41 
-.08 
.11 
.28 
.12 
.06 
.01 
-.01 
.01 
.04 
.oo 
.03 
.oo 
.06 
.02 
-.01 
.01 
-.01 
CX> 
..... 
Table 35. Continued 
Udder Other Milk Disp. Other Trimmed Leg 
Trait injury udder fever Ketosis abomasum digestive feet problems 
Sold open .55 .16 .42 .40 .46 .51 -.07 .04 
Abortion .08 -.25 .29 .oo .14 .21 -.08 -.03 
Cystic ovaries -.05 .16 -.17 .29 .29 .33 .02 -.10 
Retained placenta .23 -.02 -.05 -.02 .30 .04 -.29 .16 
Uterus infection .51 .20 .15 .30 .28 .54 .41 .15 
Other reproductive -.09 -.27 -.12 .22 .07 .21 -.33 -.03 
Mastitis .34 .46 .57 .05 -.16 -.14 .30 .36 
Udder injury - .43 .67 .54 .41 .34 .21 .oo 
Other udder .16 - .13 .21 .32 -.17 .08 -.05 
Milk fever .02 .01 - .45 .16 .32 .32 .16 
Ketosis .oo .02 .06 - .72 .71 .01 -.29 CX> 
Disp. abomasum .oo .01 .03 .11 - .54 -.04 -.18 N 
Other digestive -.01 -.01 .oo .19 .07 - .13 -.12 
Trimmed feet .01 .02 .03 .03 -.01 .02 - .47 
Leg problems .01 .01 .01 .01 .01 .oo .24 
Foot problems .02 .03 .02 .02 .oo .01 .64 .36 
Crampy -.01 .02 .05 .05 .01 -.01 .09 .27 
Other locomotive .05 .06 .05 .oo .oo .01 .04 .07 
Pneumonia -.02 -.03 .oo .08 .01 .02 .01 -.01 
Other respiratory .01 -.02 .01 .04 -.01 .08 .01 -.01 
Other all .03 .04 .04 .04 .03 .08 .04 .05 
Inseminations -.03 -.01 -.01 .01 -.01 .oo .03 -.02 
Table 35. Continued 
Foot Other Other Other Insemin-
Trait problems Crampy locomotive Pneumonia respiratory all at ions 
Sold open .17 .20 .51 .37 -.23 -.04 .38 
Abortion .05 .24 .12 .52 -.25 -.12 .06 
Cystic ovaries .01 -.29 .11 -.38 .02 .13 .59 
Retained placenta -.16 .19 -.21 -.01 .08 -.34 -.26 
. Uterus infection .36 .23 .45 -.03 .19 .30 .03 
Other reproductive -.20 -.07 -.04 -.10 -.16 -.19 .76 
Mastitis .46 .25 .70 .42 -.27 .18 .18 
Udder injury .20 .10 .69 .44 .01 .16 -.17 
Other udder .08 -.33 .64 -.10 -.50 -.11 -.03 
Milk fever .40 .38 .69 .88 .01 .45 -.06 
Ketosis -.04 -.27 .42 .21 .20 .49 .31 CX> 
Disp. abomasum .04 -.32 .26 .09 -.02 .12 .24 w 
Other digestive .13 .03 .22 .17 .53 .58 .31 
Trimmed feet .88 .41 .46 .28 .33 .68 -.29 
Leg problems .73 .86 .30 .30 -.04 .07 .08 
Foot problems - .64 .54 .45 .16 .53 -.07 
Crampy .16 - .25 .53 .08 .14 .oo 
Other locomotive .06 .07 - .52 -.29 .32 .11 
Pneumonia -.01 .01 -.01 - -.05 .29 -.15 
Other respiratory .01 -.01 -.01 .07 - .66 -.25 
Other all .03 .oo .10 .03 .17 - -.07 
Inseminations .01 .oo -.03 -.01 .03 .01 
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pneumonia (.57). Other reproductive was highly correlated 
with udder injury (.53), milk fever (.43), ketosis (.49), 
displaced abomasum (.62), and other respiratory (-.60). The 
mammary traits were positively correlated with cystic 
ovaries, milk fever, pneumonia, and all the locomotive 
traits. The digestive traits all have low to moderate 
positive genetic correlations with the reproductive traits. 
Milk fever and ketosis were also highly correlated with the 
locomotive traits. Milk fever was also highly correlated 
with pneumonia and the three mammary traits. The locomotive 
traits all had strong positive genetic correlations with the 
mammary traits, milk fever, ketosis, and pneumonia. 
Pneumonia was positively correlated with nearly every other 
trait. Other respiratory was negatively correlated with 
nearly every other trait. Number of inseminations was not 
highly correlated genetically with any traits, however, most 
correlations were negative. Sold open was positively 
correlated with every trait except other respiratory and 
other all. Most correlations were moderate to large 
suggesting that cows genetically susceptible to health 
problems are more apt to be sold open, as expected. 
Genetic correlations between traits in different groups 
estimated from the copied data set were generally lower than 
from the producer data set. There were also a higher 
proportion of negative genetic correlations in the copied 
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data set. Abortion had high negative correlations with 
trimmed feet (-.55) and other locomotive (-.51). Abortion 
also had positive correlations with the mammary and 
digestive traits. Cystic ovaries were negatively correlated 
genetically with most traits, the highest being udder injury 
(-.51) and milk fever (-.52). Retained placenta had high 
positive correlations with locomotive problems in the 
combined data set, however, was mostly negatively correlated 
with the same traits in the producer data set. The mammary 
traits showed no apparent pattern, being scattered positive 
and negative with the other traits. Udder injury with milk 
fever had a genetic correlation of .68 which was very close 
to .66 from the producer data set. The digestive, 
locomotive, and respiratory showed no consistent pattern 
being mixed positive and negative. 
The combined data set produced genetic correlations 
which were generally intermediate of those from the producer 
and copied data sets. The majority of the genetic correla-
tions were positive and more closely related to the producer 
data estimates than those from the copied data set. 
Genetic correlations, in general, were mostly positive 
within groups for all three data seta. Correlations between 
traits in different groups varied considerably across data 
sets. The copied data set contained a high proportion of 
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incomplete records, and resulting biases may contribute to 
the lack of continuity across data sets. 
Phenotypic correlations were mostly positive and near 
zero. The largest correlations occurred between traits 
within the same group. Nine phenotypic correlations were 
greater than .20 for the producer data set (Table 33): 
uterus infection with retained placenta (.33), udder injury 
with mastitis (.33), udder injury with other udder (.22), 
other digestive with ketosis (.21), foot problems with 
trimmed feet (.44), leg problems with foot problems (.30), 
leg problems with crampy (.34), foot problems with crampy 
(.22), and other respiratory with other all (.20). 
Phenotypic correlations were generally smaller for the 
copied data set than the producer data set. Five 
correlations estimated from the copied data were greater 
than .20 (Table 34): number of inseminations with other 
reproductive (.20), udder injury with mastitis (.20), leg 
problems with trimmed feet (.30), foot problems with trimmed 
feet (.77), and foot problems with leg problems (.34). 
Phenotypic correlation estimates were generally 
intermediate for the combined data set. Seven were greater 
than .20 (Table 35): other reproductive with cystic ovaries 
(.89), uterus infection with retained placenta (.23), 
mastitis with udder injury (.28), leg problems with trimmed 
feet (.24), foot problems with tr i mmed feet (.64), leg 
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problems with foot problems (.36), and crampy with leg 
problems (.27). 
Genetic and phenotypic correlations for the grouped 
traits are presented in Tables 36 through 38 for data sets 
including all records, and Tables 39 through 41 for data 
sets containing ME milk and fat records. 
Table 36 lists correlation estimates among grouped 
traits for all records in the producer data set. All but 
two estimates were positive, reproductive with mammary 
(-.11) and reproductive with respiratory (-.23). The 
largest correlations were between locomotive and mammary 
(.84), digestive with both locomotive (.87) and respiratory 
(.76), and locomotive with respiratory (.74). Phenotypic 
correlations were near zero and positive. The largest 
phenotypic correlation was between locomotive and digestive 
(.12). 
Genetic and phenotypic correlations among grouped traits 
using all copied records are in Table 37. Estimates were 
mixed positive and negative ranging from -.73 to .59. Many 
correlations were noticeably different from the producer 
data estimates. Most notable were the correlations between 
digestive and both mammary and locomotive (.52 vs -.73 and 
.87 vs -.40). The digestive trait means across data sets 
were significantly different, .217 vs .080, which may 
explain some of the differences in correlation estimates. 
Table 36. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using producer data without ME milk and ME fat in 
the model 
Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - -.11 .38 .02 -.23 
Mammary -.03 - .52 .84 .34 
Digestive .04 .05 - .87 .76 
Locomotive .01 .09 .12 - .74 
Respiratory .03 -.01 .08 .01 
CXl 
CXl 
Table 37. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using copied data without ME milk and ME fat in the 
model 
Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - .41 .06 -.42 -.26 
Mammary .oo - -.73 • 53 -.08 
Digestive .01 .01 - -.40 .49 
Locomotive -.01 .02 -.02 - .59 
Respiratory .01 .01 • 06\ -.01 
CX> 
\0 
90 
Mammary also had a widely differing mean between data sets, 
.653 vs .224, contributing to these differences. Correla-
tions among reproductive, locomotive, and respiratory traits 
- which have simil~r means across data sets - are also more 
consistent across data sets. Phenotypic correlations among 
the grouped traits for this data set were all less than .10. 
Genetic and phenotypic correlations among grouped traits 
for the combined data set are in Table 38. Genetic 
correlations ranged from -.24 to .84 and all but two were 
positive. The grouped trait reproductive had low negative 
correlations with both locomotive and respiratory, -.24 and 
-.22, respectively, and a near zero correlation with 
mammary. All other correlations were positive and moderate 
to large, averaging .54. All phenotypic correlations were 
once again less than .10. 
Genetic and phenotypic correlations among grouped traits 
for the producer data including only records with ME milk 
and fat data are presented in Table 39. Genetic correlation 
estimates between reproductive and all traits but 
respiratory were negative and large. These estimates were 
quite different from those including all records, which were 
much lower. Genetic correlations among mammary, digestive, 
and locomotive were positive and large, averaging .75, and 
similar to those estimated using all records without 
production variables. Phenotypic correlations were all near 
Table 38. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using combined data without ME milk and ME fat in 
the model 
Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - .02 .32 -.24 -.22 
Mammary -.01 - .54 .08 .41 
Digestive .03 .04 - .41 .84 
Locomotive .oo .05 .05 - .57 
Respiratory .02 -.01 .07 .oo 
\0 
I-' 
Table 39. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using producer data including ME milk and ME fat in 
the model 
Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - -.62 -.68 -.56 .01 
Mammary -.07 - .75 .81 -.46 
Digestive -.03 .09 - .71 .15 
Locomotive -.01 .09 .12 - -.49 
Respiratory .02 -.05 .03 -.01 
\0 
N 
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zero, the largest being between digestive and locomotive 
(.12). 
Table 40 lists genetic and phenotypic correlations among 
grouped traits using the copied data set when ME milk and 
fat were included in the model. Only one genetic 
correlation estimate was negative and large, reproductive 
with locomotive (-.39). All other genetic correlations were 
near zero or positive and moderate to large. Correlation 
estimates are much different from those estimated using all 
records, particularly mammary with digestive (-.73 vs .75, 
Tables 37 and 40). Including milk and fat in the model was 
the apparent reason for these divergent estimates. Sampling 
variation due to fewer records with milk and fat production 
may also have affected estimates between the data sets. 
Combined data estimates of correlations including ME 
milk and fat are presented in Table 41. Genetic 
correlations among mammary, digestive, and locomotive were 
all positive. Correlations among all traits were generally 
intermediate to those from the producer and copied data 
sets. All phenotypic correlations were near zero. 
Genetic and phenotypic correlation estimates among the 
traits all and all weighted are presented in Table 42. Both 
genetic and phenotypic estimates were positive and high. 
The addition of ME milk and fat data lowered genetic 
correlations slightly, but raised phenotypic correlations. 
Table 40. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using copied data including ME milk and ME fat in 
the model 
Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - .52 .32 -.39 .30 
Mammary -.01 - .75 -.07 .67 
Digestive .03 .04 - -.06 .16 
Locomotive -.02 .05 -.01 - .19 
Respiratory .01 .01 .06 -.01 
\0 
~ 
Table 41. Genetic (above diagonal) and phenotypic (below diagonal) correlations 
among grouped traits using combined data including ME milk and ME fat in 
the model 
' Trait Reproductive Mammary Digestive Locomotive Respiratory 
Reproductive - -.30 -.05 -.36 -.41 
Mammary -.01 - .82 .56 -.01 
Digestive .03 .04 - .25 .18 
Locomotive -.02 .05 -.01 - .10 
Respiratory .01 .01 .06 
' I 
-.01 
l.O 
U1 
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Table 42. Genetic and phenotypic correlations between all 
and all weighted by data set, with and without 
ME milk and ME fat 
Including ME Genetic Phenotypic 
Data set milk and fat? · correl ation correlation 
Producer data no .99 .87 
Copied data no .96 .87 
Combined data no .99 .87 
Producer data yes .86 .98 
Copied data yes .87 .97 
Combined data yes .86 .98 
Discussion 
Repeatability, heritability, and genetic correlation 
estimates varied considerably for many traits between the 
producer and copied data sets. This is probably due to 
significant differences among the mean incidence rates 
between data sets for both the individual and grouped traits 
(Tables 7 and 8). Individual traits with the largest 
absolute differences (> .05) between data sets include: 
sold open, mastitis, retained placenta, other reproductive, 
udder injury, other udder, and milk fever. Several traits 
also have incidence rates which were essentially zero for 
the copie~ data set. These include: other udder, crampy, 
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other locomotive, pneumonia, other respiratory, and other 
all. These traits violate the assumption of normality 
necessary for the estimation procedures used and are also 
subject to huge sampling variances. Incomplete recording in 
the copied data set is responsible for the low incidence 
rates. Because of this, the producer data are preferred. 
Heritability estimates were more consistent across data sets 
and correlations made more intuitive sense from the producer 
data. 
Including ME milk and fat production data in the 
analyses appeared to have an effect on heritability and 
correlation estimates. Individual heritability estimates 
(Table 21) which changed significantly when production data 
were added include: sold open, retained placenta, milk 
fever, crampy, and pneumonia for the producer data. These 
traits also had moderate genetic correlations with ME milk 
(Table 29). Other individual traits with moderate 
correlations with ME milk, however, did not have significant 
changes in their heritability estimates when production data 
were included. 
The following grouped traits had significant changes in 
heritability estimates when including ME milk and fat 
records (Tables 23, 24, 26 and 27): digestive, locomotive, 
all, and all weighted. These traits also had the largest 
genetic correlations with ME milk, clearly indicating that 
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production variances influence the estimation of genetic 
parameters and should be included in future analyses. 
Genetic correlations between ME milk and both the 
individual and grouped traits were positive with the 
exception of reproductive traits for the producer data 
(Tables 29 and 31). A positive genetic correlation implies 
that genetically higher producing cows also have more health 
problems. This relationship is not readily observable, 
however, since phenotypic correlations between production 
and health traits are near zero. This suggests that 
selection for both increased milk production and lower 
health incidences must be done on a genetic basis using 
multiple trait methods. It also may be desirable to 
consider alternate production variables which might be more 
highly correlated with health problems. Phenotypic 
correlations between ME milk and health problems could be 
misleading. For example, it is possible that high producing 
cows in early lactation are more susceptible to health 
disorders which lead to lower production in mid or late 
lactation. Those cows' total lactation production would be 
closer to average, forcing correlations closer to zero. It 
might be better to use peak yield or yield prior to the time 
the health problem occurred as the production variable. 
These data were not available for this study. 
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One area of concern when planning a selection program 
for health traits is deciding which traits ~o include in the 
analysis. It is desirable to keep the number of traits to a 
minimum to reduce the burden of recording on producers. Due 
to the relatively high genetic correlations among individual 
traits within the same group, use of the grouped traits 
might be a way to reduce the number of traits. Grouped 
traits also had more stable and interpretable estimates of 
correlations and heritabilities, and had higher incidence 
rates which better satisfy the assumption of normality 
required for most estimation procedures. All incidences 
summed had moderate heritability estimates and might be a 
good indication of overall cow health. All weighted by 
economic costs had lower heritability estimates, probably 
due to the high weighting of respiratory, which had low 
heritability estimates. It might be better to first 
estimate breeding values for the grouped traits and then 
weight them using economic cost data. Another possibility 
would be to gather economic data on all individual traits 
and choose those which are most economically important and 
have moderate heritability estimates. Economic data, 
unfortunately, are difficult to obtain on a broad scale and 
must be updated periodically. The following individual 
traits might be good candidates for selection based on the 
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above criteria: cystic ovaries, mastitis, udder injury, 
milk fever, foot problems, and pneumonia. 
Summary 
Preliminary analyses identified significant sources of 
variation and were used to decide upon a model for 
estimating variance components. Herd differences accounted 
for the largest amount of variation and should definitely be 
accounted for. Year and month of calving were significant 
for some traits, however no seasonal trends were evident. 
It is not clear whether herd-years or herd-year-seasons are 
the most desirable contemporary groups. Herd-years were 
used in this analysis. Lactation effects were linearly 
related and significant for many traits, however, 
coefficients were extremely small for nearly all traits. 
All significant regression estimates were positive, 
suggesting increasing health problems with age. Data were 
preadjusted for lactation effects. 
Repeatabilities were low to moderate for both individual 
and grouped traits. Estimates were highest for mammary and 
locomotive traits, suggesting that cow effects should be 
accounted for when estimating breeding values for these 
traits if repeated records are used. 
Heritability estimates were also low to moderate and 
varied across data sets for many traits. Highest estimates 
were for mammary, digestive, and locomotive traits. 
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Estimates appear to be biased upward when repeated records 
are used, especially for traits with high repeatabilities. 
Genotypic correlations were low to moderate and positive 
between health traits and ME milk and fat, indicating an 
antagonistic relationship. Phenotypic correlation estimates 
were near zero. Genetic correlations among traits within 
the same group were positive and large suggesting that 
combining traits within a group would be a good method for 
reducing the number of traits. Phenotypic correlations 
among health traits were near zero but were highest among 
traits within the same group. Many genetic correlations 
among both individual and grouped traits were moderate to 
large suggesting a multiple trait model is desirable. 
Differences between genetic parameter estimates from the 
producer and copied data sets were sometimes large due to 
differences in the completeness of recording. The producer 
data generally had higher incidence rates and more 
consistent heritability and correlat1on estimates. 
In conclusion, heritabilities appear to be large enough 
to make selection for reduced health problems feasible. The 
magnitude of genetic correlations among traits and with ME 
milk and fat suggest a multiple trait analysis would be 
preferred. Data would preferably be collected by producers 
themselves and possibly be collected by dairy herd 
improvement (DHI) organizations. Traits need to be limited 
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to those most economically important, or grouped in some 
manner to reduce the recording burden. Good economic data 
is needed both for selection of traits and also for 
weighting breeding values. 
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